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ABSTRACT

The West Lake Landf111 is_located near the city|of St. Louis in Bridgeton, St.
Louis County, Missouri. The site has been used|since 1962 for disposing of mu-

nicipal refuse, industrial solid and 1iquid wastes, and construction demolition
debris.

This report summarizes the circumstances of the|radioactive material in the
West Lake Landfill. The radioactive material resu]ted from the processing of
uranium ores and the subsequent sale by the AEC of processing residues. Pri-
mary emphasis is on the radiological env1ronmenta1 aspects as they relate to

potential disposition of the material. It is concluded that remedial action
is called for.
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1 INTRODUCTION AND BACKGROUND

This report sdmmarxzes the circumstances of the radioactive material in the
West Lake Landfi1l (Figure 1), in particular, the radiological environmental
aspects as they relate to potential disposition of the material.

The West Lake Landfill, Inc property is a 200, acre tract in Bridgeton,

St. Louis County, M1ssour1 on the outskirts of the city of St. Louis. It is
about 4 miles west of St. Lou1s Lambert Field International Airport, near the
intersection of interstate highways I-70 and 1-270. Limestone was quarried
there from 1939 to 1987. Also on the property) is an industrial complex where
concrete 1ngredlents are measured and combined, and where asphalt aggregate is
prepared. Since 1962, portions of the property have been used as landfills for
disposing of mun1c1pa1 refuse, industrial so]1d and 1iquid wastes, and construc-
tion demolition debris. In 1973 soil contaminated with radioactive material
was placed in a landfill there.

|
The radioactive material originated with uranium-ore-processing residues which

had been stored at Lambert Airport by the U.S. 'Atom1c Energy Commission (AEC),
and which were sold in early 1966 to the Cont1nenta] Mining and Milling Company,
of Chicago, I1linois. The AEC's invitation to bid listed the following residues
for purchase: 74,000 tons of Belgian Congo pitchblende raffinate containing
about 113 tons of uranium; 32,500 tons of Colorado raffinate containing about
48 tons of uranium; and 8700 tons of leached bar1um sulfate containing about 7
tons of uranium. The material was moved from the airport during 1966 to nearby.
9200 Latty Avenue, Hazelwood, Missouri. In January 1967, the Commercial Dis-
count Corporation of Chicago took possession of the res1dues to remove moisture
and to ship the residues to the Cotter Corporat1on facilities in Canon City,
Colorado. In December 1969, the remaining mater1a1 was sold to the Cotter Cor-
poration. In the following four years, the res1dues with the principal
except1on of the 8700 tons of leached barium su1fate were shipped to Canon
City.?

In April 1974, Region 111 representatives of NRC's Office of Inspection and
Enforcement v1s1ted the Cotter Corporation's Latty Avenue site to check on
the progress of the decomm1sswon1ng act1v1t1eslbe1ng performed there. This
inspection disclosed that in 1973 Cotter Corporation had disposed of approxi-
mately 8700 tons of leached bar1um sulfate residues mixed with 39,000 tons of
top soil at a local landfill. ‘

By letter dated June 2, 1976, the Missouri Department of Natural Resources \
(MDNR) forwarded to the NRC's Region III off1ce newspaper articles which alleged
that only 9000 tons of waste had been moved from the Latty Avenue site rather
than 40,000 tons and that it was moved to the West Lake Landfill rather than to.

the St. Louis Landfill No. 1. Region IIl personnel investigated the a]]egat1ons.

and found that 43,000 tons of waste and soil had been removed from the Latty
Avenue site and had been dumped at the West Lage Landfill in Bridgeton, and
that the waste was covered with only about 3 feet of soil.!

Discussion with the West Lake Landfill operators indicated that all of the
material from Latty Avenue had been disposed of in one area; however, an aerial

1 |
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Figure 1 Location of West Lake Landfill
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survey of the site identified two areas of contamination. The second contami-
nated area is'identified as Area 1 in Figure 2 2 Subsequently, the NRC spon-
sored other studies that were directed at determ]nwng the radiological status of
the landfill. An extensive survey was 1n1t1ated in November 1980 by the Radia-
tion Management Corporat1on (RMC) under contract to the NRC. The findings were
published in May 1982 in NUREG/CR-2722 "Rad1olog1ca1 Survey of the West Lake
Landfill, St. Louis County, Missouri. ul In March 1983, the NRC through Oak
Ridge Associated Universities (ORAU) contracted with the University of Missouri-
Columbia (UMC), Department of Civil Eng1neer1ng, to describe the environmental
characteristics of the site, conduct an eng1neer1ng evaluation, and propose
possible remedial measures for dealing with the radioactive waste at the West
Lake Landfill. In May 1986, ORAU sampled water from wells on and close to the
landfill to determine if the radioactive material had migrated into the ground-
water. A report is being prepared detailing the results of the investigations
conducted by UMC and ORAU.?2

Information from all these sources and from NRC site visits forms the basis
for this report.

2 DESCRIPTION OF THE SITE

Location »

The 200-acre West Lake Landfill site is s1tuated on the southwest side of

St. Charles Rock Road in Bridgeton, St. Louis County, Missouri (Figure 1).2
It is about 16 miles northwest of the downtown area of the city of St. Louis,
and about 4 miles west of Lambert Field International Airport (Figure 1). It
is approximately 1.2 miles from the Missouri River.

History

The West Lake Landfill has been used since 1962 for the disposal of municipal
refuse, industrial solid and 1iquid wastes, and construction demolition debris.
Between 1939 and the spring of 1987, l1mestone was quarried there. Landfill
operations filled in some of the excavated p1ts from the quarry operat1ons

Also on the property is an active industrial complex in which concrete ingre-
dients are measured and combined before mixing ("batching"), and asphalt
aggregate is prepared.

The unregulated landfill, in which the radioaétive material was placed in 1973,
was closed in 1974 by the Missouri Departmentlof Natural Resources (MDNR).

Also in 1974, under an MDNR permit, a newer san1tary landfill was opened and

now operates in an adjacent area on the West Lake Landfi1l property. The newer
landfill is protected from groundwater contact. The bottom of the new landfill
is lined with clay, and a leachate co]]ect1on!system has been installed. Leach-
ate is pumped to a treatment system con51st1ng of a lime precipitation unit fol-
lowed in series by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.?2 :

Ownership

Since 1939, the West Lake Landfill has been aned by West Lake Landfill, Inc.,
of 13570 St Charles Rock Road, Bridgeton, Missouri.
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Contaminated Areas

Radioactive contam1nat1on at the West Lake Landfill has been identified in two
separate soil bodles (Figure 2).

The northern area (referred to as Area 2) covers about 13 acres® and lies above
16 to 20 feet of landfill debris. The contam1nated soil forms a more or less
continuous layer from 2 to 15 feet in thlckness and consists of approximately
130,000 cubic yards of soil. Some of this contaminated soil is near or at the
surface particularly along the face of the northwestern berm. Beneath the
landfill debris, the soil profile consists of 3 to 7 feet of floodplain top
soil overlying 30 to 50 feet of sand and gravel alluvium.

The southern area of contamination (Area 1) covers about 3 acres?® and contains -
roughly 20,000 cubic yards of contaminated so1p This body of soil is located
east of the landfill's main office at a depth of about 3 to 5 feet and is lo-
cated over a former quarry pit which was filled in with debris. The depth of
debris beneath the contaminated soil is unknown but is estimated to be 50 to

65 feet. Limestone bedrock underlies the landfill debris.2?

Togogragh!

About 75 percent of the landfill site is located on the floodplain of the
Missouri River (F1gure 2) at about 440 feet above mean sea level (msl1). The

site topography is subject to change because of the types of activities (e.g.,
landfilling and quarrying) performed there. However, the areas containing the
radioactive waste have their surface at about 470 feet (msl). The surface runoff
in the area around the landfill follows severa] surface drains and ditches that
run in a northwest d1rect1on and drain into the Missouri River.2

Geology

Bedrock beneath the West Lake Landfill con51sts of limestone that extends down-'
ward to an elevation of 190 feet msl. The 11mestone is dense, bedded, and
except for intermittent layers that consist of|abundant chert nodules, falrly
pure. The Warsaw Formation, which lies d1rectly beneath the limestone is made
up of approximately 40 feet of slightly calcareous, dense shale; this grades
into shaley limestone toward the middle of the format1on Bedrock beneath the
site dips at an angle of 0.5° to the northeast. Five miles east of the site,
the attitude of the bedrock is reversed by the}Florissant Dome.2

Since groundwater moving through carbonate rocks often creates channels for
rapid water flow, the possibility of this occurr1ng in the West Lake Landfill
area was considered. Brief observation of the |quarry walls at the landfill
suggests that some of the limestone has dlssolved In a Tetter to West Lake
Landfill, Inc., the Missouri Department of Natural Resources stated that the
fact that grout1ng was necessary in the quarry[area to block water inflow sug-
gests that the limestone is at least somewhat solution weathered.* However,
in the draft UMC report, the op1n1on is expressed that the solution activity
has apparently been limited to minor widening of joints and bedding planes near
the bedrock surface, and that, at depth and uhen undisturbed, the limestone is
fairly impervious.? It is not clear whether the views represented by these
statements are in conflict.

1
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Soil material 1n the area may be divided into two categories: Missouri River
alluvium and upland loessal soil. This demarcation is shown as the historical
edge of the alluvial valley in Figure 2. The d1y1s1on is made on the basis of
soil composition, depositional history, and physical properties. The West Lake
Landfill lies over this transition zone.2

Hydrology

Groundwater flows in the area surrounding the West Lake site through two aqui-
fers: the Missouri River alluvium and the sha]lpw limestone bedrock. Although
the limestone is fairly impervious and groundwater flows in most areas from the
bedrock into the alluvium, contamination of water in the bedrock aquifer is
possible. The base of the limestone aquifer is formed by the relatively imper-
meable Warsaw shale at an elevation of about 190 feet (msl). This shale layer
has been reached, but not disturbed, by quarrying operations. Therefore, the
Warsaw shale acts as an aquiclude, mak1ng contamination of the deeper l1mestone
unlikely. .
The deep Missouri River alluvium, which is under, about 10 feet of more-recent
alluvium, acts as a single aquifer of very high permeability. This aquifer is
relatively homogeneous in a downstream direction and decreases in permeability
near the valley walls.

The water table of the Missouri River f1oodp1a1n is generally within 10 feet of
the ground surface, but at many points it is even shallower. At any one time,
the water levels and flow directions are 1nf1uenced by both the river stage and
the amount of water entering the floodplain from adjacent upland areas.

Water levels recorded between November 1983 and March 1984 in mon1tor1ng wells
at the landfill, indicate a groundwater grad1ent of 0.005 flowing in a N 30°W
direction beneath the northern portion of the landf111 This represents the
likely direction of leachate migration from the}landf111

Since no other recharge sources exist above the!]eve1 of the floodplain, the

only water available to leach the landfill debris is that resulting from rain-

fall 1nf1ltrat1ng the landfill surface. Because the underlying alluvial

aquifer is highly permeable, there will be 1ittle "mounding" of water beneath

the landfill. Also, the northern portion of the landfill has a level surface,

and thus it is like1y that at least half of the]rainfall infiltrates the sur-

face. The remaining rainfall is lost to evapotranspiration and (to a lesser

degree) surface 'runoff.2 Lo

No public water supplies are drawn from the a11uv1al aquifer near the West Lake
Landfill. It is believed that only one pr1vatelwe11 in the vicinity of the
landfill is used as a drinking-water supply. This well is 1.4 miles N 35°W of
the Butler-type building on the West Lake Landfill.

Because of the extremely low slope of the Missouri River floodplain surface,
rain falling on the plain itself generally inf11trates the soil rather than
running off the surface. The only streams present on the floodplain are those
that originate in upland areas. Drainage patteqns on the plain have been rad-
jcally altered by flood control measures taken to protect Earth City and by
drainage of swamps and marshes. Because of the |relationship that exists
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between river level and groundwater level in portions of the floodplain near
the r;ver, streams may either lose flow (at low stage) or gain flow (at high
stage

The present channel of the Missouri River lies just under 2 miles west and
northwest of the landfill. The Missouri River stage at St. Charles (mile 28)
is zero for a water level of 413.7 feet (ms1). Average discharge of the
Missouri River is 77,338 cubic feet per second.

Water supplies are drawn from the Missouri River at mile 29 for the city of

St. Charles, and the intake is located on the north bank of the river. Another
intake at mile 20.5 is for the St. Louis water Company's North County plant.
The city of St. Louis takes water from the Mississippi River, which is joined
by the Missouri River downstream from the landfill. The intake structures for
St. Louis are on the east bank of the river, so that the water drawn is derived
from the upper Mississippi.?

Demography

" Two small residential communities are present [near the West Lake Landfill:

Spanish Lake Village consists of about 90 homes and is located 0.9 mile south
of the landfill, and a small trailer court lies across St. Charles Rock Road,
0.9 mile southeast of the site. Subdivisions [are presently being developed 1
to 2 miles east and southeast of the landfill|in the hills above the floodplain.
Ten or more houses lie east of the landfill, scattered along Taussig Road. The
city of St. Char]es is located north of the Missouri River, more than 2 miles
from the 1andf111

Population dens1ty on the floodplain is generally less than 26 persons per square
mile, but the daytime population (including factory workers) is much greater than
the number of full-time residents. Earth City Industrial Park is located on the
floodplain 0.9 to 1.2 miles northwest of the landfill. The Ralston-Purina
facilities are located 0.2 mile northeast of the Butler-type bu11d1ng at the
landfill. Considering that land in this area|is relatively inexpensive and that
much of it is zoned for manufacturing, industrial development on the floodplain
will likely increase.?

3 RADIOLOGICAL SURVEYS

From August 1980 through the summer of 1981, the Radiation Management Corpora-
tion (RMC), under contract to the NRC, performed an onsite evaluation of the
West Lake Landfill3 to define the rad1olog1ca1 conditions at the landfill. The
results were utiiized in performing this determination regarding whether or :
not remedial actions should be taken.

The area to be surveyed was divided into 33-foot grid b]ocks and included the
following measurements:

(1) external gamma exposure rates 3.3 feet above the ground surface and
beta-gamma count rates 0.4 inch above the surface;

(2) radionuclide concentrations in surface soils;

(3) radionuclide concentrations in subsurface deposits;

!
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(4) total ("dross") activity and radionuclide concentrations in surface and
subsurface water samples;

(5) radon flux emanating from surfaces;
(6) airborne radioactivity; and

(7) total acﬁivity in vegetation.

External Gamma

The two areas of elevated external (gamma) radiation levels, as they existed in
November 1980 at the time of the preliminary RMC site survey, both contained
places where levels exceeded 100 pR per hour at 3.3 feet. In Area 2, gamma
levels as high as 3000 to 4000 pR per hour were detected. The total areas ex-
ceeding 20 pR per hour were about 2 acres in Area 1 and 9 acres in Area 2.3
(The criterion of 20 pR per hour is derived from the NRC's Branch Technical
Position, 46 FR 52061, October 23, 1981, which aims at exposure rates less

than 10 pR per T hour above background levels, background radiation was taken to
be 10 uR per qOur also.)

External gamma levels were measured in May and July of 1981. These levels were
significantly :smaller than the November 1980 values, especially in Area 1,
because approximately 4 feet of sanitary fill had been added to the ent1re area,
and an equal amount of construction fill was added to most of Area 2. As a
result, only a few thousand square feet in Area 1 exceed 20 pR per hour. In
Area 2, the total area exceeding 20 pR per hour decreased by about 10 percent,
and the h1ghest levels were about 1600 pR per hour near the Butler-type
building.3

Surface Soil Analysis

A total of 61 surface soil samples were gathered and analyzed on site for gamma
activity. Concentrations of U-238, Ra-226, Ra-223, Pb-211, and Pb-212 were
determined for each sample. In all soil samples, only uranium and/or thorium
decay chain nuclides and K-40 were detected. Offsite background samples were

on the order of 2 pCi per gram for Ra-226. Onsite samples ranged from about 1

to 21,000 pCi Ra-226 per gram and from less than 10 to 2100 pCi U-238 per gram.

In samples in which elevated levels of Ra-226 were detected, the concentrations of
U-238 were generally one-half to one-tenth of those of Ra-226. In cases of
elevated sample activity, daughter products of both U-238 and U-235 were

" found. 3

In general, surface activity was limited to Area 2, as indicated by the surface
beta-gamma measurements. Only two small regions in Area 1 showed surface con--
tamination; both were near the access road across from the site offices.

In addition to onsite gamma analyses, 12 samp]es were submitted to RMC's radio-
chemical laboratories for thorium and uranium radiochemical determinations.

The results of these measurements (Table 4 of NUREG/CR-2722) show that all sam-
ples contained high levels of Th-230. The ratio of Th-230 to Ra-226 (inferred’
from Bi-214) dgenerally ranges from 4:1 to 40:1.
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Subsurface Soi"l Analysis

Subsurface contamination was assessed by extensive "logging" of holes drilled
through the landfill. Several holes were drilled in areas known to contain con-
tamination, then additional holes were drilled at intervals in all directions
until no further contamination was detected. A total of 43 holes were drilled
(11 in Area 1 and 32 in Area 2), including 2 offsite wells for monitoring water.
A1l holes were drilled with a 6-inch auger and were lined with 4-inch PVC
(polyvinyl chloride) casing.3

Each hole was scanned with a 2-inch NaI(T1) detector and rate meter system for
an initial indication of the location of subsurface contamination. On the basis
of the initial scans, 19 holes were selected for detailed gamma logging using
the intrinsic germanium (IG) detector and multiple channel analyzer. Concentra-
tions of Ra-226, as determined by the IG system, ranged from less than 1 pCi per
gram to 22 000‘pC1 per gram.3

It was determined that the subsurface deposits extended beyond areas in which
surface radiation measurements exceeded the reference level of 20 pR per hour.
The lateral extent of material exceeding 5 pCi Ra-226 per gram, including

both surface and buried materials, is shown on Figure 2. The total difference
in areas is about 5 acres.

The surface elevations vary by about 20 feet, and the highest elevations occur
at locations of more recent fill. Contaminated soil (>5 pCi Ra-226 per gram)
is found from the surface to depths as great as 20 feet below the surface. 1In
general, the contamination appears to be a continuous single layer ranging from
2 to 15 feet thick and covering 16 acres.

Nonradiolggjca1 Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-
tory for priority pollutant analysis. Five samples were taken from auger holes
(one from Area'l and four from Area 2) and the sixth was taken from sludge from
the West Lake Landfill leachate treatment plant. The analysis shows organic
solvents present in the Area 2 samples. Positive results were reported for 25
listed organic compounds. Chromium, copper, lead, nickel, and zinc were the
predominant elemental priority pollutants detected. The analysis of the

sample from the leachate treatment sludge showed that it had smaller pollutant -
concentrations than the samples from the auger holes.3

Chemical analyses of material from the radioactive layer from both areas were
also performed by RMC's laboratory. In most cases, elevated levels of barium
and lead were found.

Background Radioactivity Measurement

Several offsite locations (within a few miles of the West Lake Landfill) were
selected for reference background measurements. Background values were all
within the normal range. The gamma exposure rates were 8 and 10.6 pR per hour.;
Radium-226 concentrations in soil were 2.5 and 2.6 pCi per gram. Radon flux
from the ground surface was 0.50 and 0.58 pCi per square meter-second working
level values were 0.0011, 0.0017, and 0.005 WL. 3
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Airborne Radioactivity Analysis

Both gaseous and particulate airborne radioactivity were sampled and analyzed
during this study. Since it was known that the buried material consisted par-
tially or tota]ly of uranium ore residues, the sampling program concentrated on
measuring radon'and its daughters in the air. Two methods were used: the first
was a scintillation flask (accumulator) method for radon gas, and the second

was analysis of filter paper activity for particulate daughters. A series of
grab samples using the accumulator method were taken between May and August of
1981. A total of 111 samples from 32 locations were collected. Measurable
radon flux levels ranged from 0.2 pCi per square meter-second in low background
areas to 865 pCi per square meter-second in areas of surface contamination.3

At three locations, measurements were repeated over a period of 2 months. Sig-
nificant fluctuations were observed at two locations. The fact that these fluc-
tuations were real and not measurement artifacts was later confirmed by dupli-
cate charcoal canister samples.

A set of 10-minute, high-volume, particulate, air samples was taken to determine
both short-lived radon daughter concentrations and long-lived gross alpha activ-
ity. The highest levels (0.031 WL) were detected in November 1980, near and
inside the Butler-type building. These two samples approximately equal NRC's

10 CFR Part 20, Appendix B, alternate concentration 1imit of one-thirtieth WL
for unrestricted areas. In addition to the routine 10-minute samples, five
20-minute, high-volume, air samples were taken and counted immediately on the 1G
gamma spectroscopy system to detect the presence of Rn-219 daughters. All
samples were taken near surface contamination. Concentrations of Rn-219
daughters ranged from 6 x 10-11 to 9 x 10-1°% pCi per cubic centimeter.3

Vegetation Analysis

Vegetation sampies collected by RMC included weed samples from onsite locations :
and farm crop samples (winter wheat) near the northwest boundary of the land-
fi11. This location was chosen because water could run off from the fill onto
the farm field. No elevated activities were found in these samples.3

Water Analysis

A total of 37 water samples were taken by RMC and analyzed for gross alpha and
beta activity. Four samples were taken in the fall of 1980 and the remainder

in the spring and summer of 1981. One sample was equal to the U.S. Environmen-
tal Protection Agency (EPA) gross-alpha-activity standard for drinking water of .
15 pCi per liter and that was a sample of standing water near the Butler-type
building. Several samples, including all the leachate treatment plant samples, .
exceeded the EPA drinking water action level for gross beta activity. Subse-
quent isotopic analyses indicated that the beta activity could be attributed to’
K-40. None of the offsite samples exceeded either EPA standard.3

In 1981, the Missouri Department of Natural Resources collected 41 water samples
that RMC analyzed for radioactivity. Of these samples, 5 were background, 10
were onsite surface water, 10 were shallow groundwater standing in boreholes,
and 16 were landfill leachate. From these data, background activity is esti-
mated as 1.5 pCi gross alpha activity per liter and 30 pCi gross beta activity
per liter. One groundwater sample was at 15 pCi gross alpha per liter, and one

' 10
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surface water sample was 45 pCi per liter. Most of the leachate samples wére
above 50 pCi beta per liter.3

In addition, groundwater samples in 11 perimeter monitoring wells at the West

Lake Landf111 were taken by the Reitz and Jens Engineering firm on November 15, 1983,
and by University of Missouri at Columbia (UMC) personnel on March 21, 1984.

In both sampling times, one well, but not the same one, exceeded the EPA's

drinking water standard of 15 pCi per liter (18.2 pCi per liter in 1983 and 20.5

pCi per liter in 1984). On May 7 and 8, 1986, Oak Ridge Associated Universities
(ORAU) personnel took water samples from 44 perimeter wells; only one (by 01d

St. Charles Rock Road) with 17 pCi alpha act1v1ty per liter exceeded the drinking
water standard.?

The operators of the landfill, West Lake Landfill, Inc., have an ongoing hydro-
geologic investigation of the site, which also 1nvolves analyses of monitoring
well samples for radioactivity and for priority pollutants.¢

4 ESTIMATION OF RADIOACTIVITY INVENTORY
|
Soil sample analyses have shown that the radioactive material in Areas 1 and 2

of the landfill consists almost entirely of natural uranium and its radioactive
decay products.

The analyses of soil samples indicate that the naturally occurring U-238 to
Th-230 to Ra-226 equilibrium has been altered and that the ratio of Ra-226 to
U-238 is on the order of 2:1 to 10:1; the ratio of Th-230 to Ra-226 generally
ranges from 4:1 to about 40:1. These ratios are in accord with the history
of the radionuc]ide deposits in the West Lake Landfill, i.e., that they came
from the processing of uranium ores. The indicator radionuclides for assess-

ment of the rad1o1og1ca1 1mpacts of the material are therefore U-238, Th-230,
and Ra-226.

Using the RMC data and averag1ng the auger hole measurements over the volumes
of radioactive material found in Areas 1 and 2, a mean concentration of S0 pCi
per gram was calculated for Ra-226.2 For the rat1o of Th-230 to Ra-226, the
RMC data® range from 4:1 to 40:1; data from samples taken in 1984 along the
berm range up to almost 70:1.5 A further consideration is that the material
came from Cotter Corporation's Latty Avenue site (later sold to Futura Coatings,
Inc.). Measurements at the Latty Avenue site are variously reported as up to
180:1® and about 300:1.7 Some material of that nature might have been trans-
ferred along with the barium sulfate residues. To ensure conservatism in esti-
mating the long-term in-growth of Ra-226, the NRC staff used a ratio of 100:1
to estimate the Th-230 activity. Similarly, the Ra-226:U-238 ratio ranges

from 2:1 to 10:1. This ratio is less critical to the radiological aspect of
the site and has been estimated to be 5:1 for purposes of calculation.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per
gram. If the U-238 concentration (as well as U-234 which would be similarly
separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. The total mass of radioactive material in the land-
fill was estimated by visually integrating the volume of radioactive material
from graphs and multiplying by an average soil density, resulting in

1.5 x 10'1 grams (150,000 metric tons) of contaminated soil.
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These numbers indicate that there are about 14 Ci of Ra-226 contained with its
decay products in the radioactive material in the landfill. The material also
contains about 3 Ci each of U-238 and U-234, and about 1400 Ci of Th-230.
These estimates indicate the order of magn1tude of the quantities to be dealt
with, although the estimate for Th-230 is regarded as conservatively large.

5 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies five

acceptable opt1ons for disposal or onsite storage of wastes containing low

levels of uranium and thorium (46 FR 52061, October 23, 1981).8

The concentratiqns permitted under each disposal option are shown in Table 1.
Tab1er1 Summary of maximum soil concentrations permitted

under disposal options

Source: 46 Federal Register 52061

Disposal options

Kind of material 1@ 2P 3¢ 4d

Natural. thorium (Th-232 + Th-228) 10 50 - 500
with daughters present and in
equilibrium. (pCi/g)

Natural uranium (U-238 + U-234) 10 - 40 200
with daughters present and in
equilibrium. (pCi/g)

3Based on EPA uranium mill tailings cleanup standards.

bConcentrations based on 1imiting individual doses to
170 mrem per year.

Concentration based on limiting equivalent exposure to 0.02
WL or less.

dConcentratwns based on limiting individual intruder doses

to 500 mrem per.year and, in cases of natural uranium, 1im-
iting exposure to Rn-222 and other airborne alpha emitters
to 0.02 WL or less.

Options 1-4 provide methods under 10 CFR 20.302, for onsite disposal of
slightly contaminated materials, e.g., soil, if the concentrations of radio-
activity are small enough and other circumstances are satisfactory. The fifth
option consists of onsite storage pending availability of an appropriate
disposal method.

The material present in the West Lake Landfill is a form of natural uranium with
daughters, although the daughters are not now in equilibrium. As mentioned in

12
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Section 4, the average concentration of Ra-226 in the West Lake Landfill wastes
is about 90 pCi per gram, which (considered by itself) falls into Option 4 of
the BTP since Option 4 criteria are controlled by the Ra-226 content in the
wastes (i.e., 200 pCi of U-238 plus U-234 per gram would be accompanied by

100 pCi of Ra-226 per gram). However, because of the large ratio of Th-230
radioactivity, to that of Ra-226, the radicactive decay of the Th-230 will in-
crease the concentration of its decay product Ra-226 until these two radionu-
clides are again in equilibrium. Assuming the ratio of activities of 100:1 used
above, the Ra-226 activity will increase by a factor of five over the next

100 years, by a factor of nine 200 years from now, and by a factor of thirty-
five 1000 years from now. All radionuclides in the decay chain after Ra-226
(and thus the 'Rn-222 gas flux) will also be increased by similar multiples.
Therefore, the long-term Ra-226 concentration will exceed the Option 4 criteria.
Under these conditions, onsite disposal, if possible, will likely require
moving the material to a carefully designed and constructed "disposal cell."

6 REMEDIAL ACTION ALTERNATIVES EXAMINED

The eva]uat1on’performed by staff of the University of Missouri at Columbia
addresses six potential remedial action alternatives, including that of leav-
ing the radioactive material as it is, designated Option A.2 Option D is

the option of excavating the material and shipping it to another site for
disposal. Options B, C, E, and F address d1fferent approaches to stabilizing
the material on the West Lake Landfill site, primarily as temporary remedial
actions. Options B, C, and F leave most of the radioactive material where it
is but include a variety of measures to contain it and its radon releases and
gamma emissions. Option E addresses the approach of constructing an onsite
earthen cell, similar to a disposal cell, and moving the radioactive material
into it. Under Option F, the radioactive material would be left in place and
separate slurry walls would be built downgradient of Areas 1 and 2 to con-
strain groundwater motion. The estimated costs of Options B through F range
from about $370,000 (Option B) to about $5,500,000 (Option F) in 1984 dollars.
The estimate for Option D is about $2,500,000, but this does not include the
cost of transporting the material to another site and disposing of it there; in
the staff's judgment, this could increase the cost by as much as a factor of ten.

Further studies are necessary to determine the most practical approach to
disposal of this material.

7 FACTORS CONTRIBUTING UNCERTAINTY

The presence in the landfill of other substances listed as hazardous by the
U.S. Environmental Protection Agency raises issues of whether the waste is
mixed waste (i.e., both radioactive and chemically hazardous), and whether
the landfill must also be disturbed to provide for proper conta1nment of the
chemical wastes.

The manner of placing the 43,000 tons of contaminated soil in the landfill
caused it to be mixed with additional soil and other material, so that now an
appreciably larger amount is involved. If it must be moved, it is not certain
whether the amount requiring disposal elsewhere is as little as 60,000 tons

or even more than 150,000 tons.
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Because the contro111ng radionuclide (Th-230) has no characteristics that make
it easy to measure quantitatively in place, as can be done for the Ra-226 with
its decay products, the large but variable ratio of Th-230 to Ra-226 and its
decay products makes the delineation of cleanup more difficult. When the ratio
is so large (20:1 or more), even a small concentration of Ra-226 in 1988 im-
plies such a large concentration later that it will be necessary to employ more
difficult measurement techniques to confirm that the cleanup has been
sat1sfactory

Any possibility of disposal on site will depend on adequate isolation of the
waste from the environment, especially for protection of the groundwater. It
is unclear whether the area's groundwater can be protected from onsite disposal
at a reasonable cost. This matter will require additional investigation.

8 SUMMARY

In 1973, rad1oact1ve]y contaminated soil amounting to approximately 43,000 tons
was dep051ted in the West Lake Landfill near St. Louis, Missouri. The material
originated wwth decontamination efforts at the Cotter Corporation's Latty Avenue
plant. Disposal in the West Lake Landfill was not authorized by the NRC. State
officials were not notified of this disposal in 1973 because the landfill was
not regulated by the State at the time.

In the period.1980-1981, Radiation Managemeni Corporation (RMC) of Chicago,
I1linois, under contract to the NRC, performed a detailed radiological survey

of the West Lake Landfill. This survey showed that the radioactive contaminants
are in two areas. The northern area (Area 2) covers about 13 acres. The
radioactive debris forms a layer 2 to 15 feet thick, exposed in only a small
area on the landfill surface and along the berm on the northwest face of the
landfill. The southern area (Area 1) contains a relatively minor fraction of
the debris covering approximately 3 acres with most of the contaminated soil
buried with about 3 feet of clean soil and sanitary fill.

The RMC survey showed that the radioactivity is from the naturally occurring
U-238 and U-235 series with Th-230 and Ra-226 as the radionuclides that dom-
inate radiological impact. The survey data indicate that the average Ra-226
concentration. in the radioactive wastes is about 90 pCi per gram; the staff
estimates the average Th-230 concentration to be about 9000 pCi per gram.
Since Ra-226 has been depleted with respect to its parent Th-230, Ra-226 ac-
tivity will increase in time (for example, over the next 200 years, Ra-226
activity will increase ninefold over the present level). This increase in
Ra-226 must be considered in evaluating the long-term hazard posed by this
radioactive material.

In addition to RMC's radiological survey, soil and water samples were collected
and analyzed by others, including ORAU, UMC, and MDNR. Occasionally a sample of
water from a monitoring well exceeds slightly the EPA drinking water standard of
15 pCi gross alpha per liter. Sample analyses for priority pollutants (non-
radioactive hazardous substances) show a number of listed pollutants are present.
The landfill operators are also conducting a hydrogeological investigation.

From the RMC.}UMC, and ORAU surveys conducted at the West Lake Landfill site
the staff has made the following findings:

14

WLLFOIA4312 - 015 - 0172627



(1) There is a large quantity (on the order of 150,000 tons) of soil contami-
nated with long-lived radioactive material in the West Lake Landfill.
Almost all the radioactivity consists of natural uranium and its radio-
active decay products.3

(2) .Based on the radiological surveys, the radioactive wastes as presently
stored at the West Lake Landfill do not satisfy the conditions for
Options! 1-4 of the NRC's Branch Technical Position (BTP) regarding the
disposai of radioactive wastes containing uranium or thorium residues.®

(3) A dominant factor for the future is that the average activity concentration
of Th-230 is much Iarger than that of its decay product Ra-226, 1nd1cat1ng
-a significant increase in the radiological hazards in the years and
centuries to come.

(4) Some of the radioactive material on the northwestern face of the berm has
no protective cover of soil to prevent the spread of contamination and
attenuate radiation.

(5) Slightly more than 8 acres of the site exceed 26 uR per hour; the highest
reading:-of 1600 pR per hour occurs near the Butler-type building.

(6) Radon and daughters were measured at 0,031 WL in and around the Butler-type
bu11d1ng This exceeds the BTP value of 0.02 WL.

(7) Based on monitoring-well sample analyses, some low-level contamination of
the groundwater is occurring, indicating that the groundwater in the

vicinity is not adequate]y protected by the present disposition of the
wastes. :

(8) A]though these radiological conditions indicate that remedial action is
needed, it is unlikely that anyone has received significant radiation
exposures from the existing situation.

(9) Samp11ng results show that chemically hazardous materials have been d1s-
posed of adjacent to or possibly mixed with the radioactive material.3
It is possible that part of the radioactive material has become "mixed"
waste.

From these findings and the information developed to date, the NRC staff con-
cludes: (1) measures must be taken to establish adequate permanent control of
the radioactive waste and to mitigate the potential long-term adverse impacts.
from its existing temporary storage conditions and (2) the information devel-

oped to date is inadequate for a technological determination of several impor-
tant issues, i.e., whether mixed wastes are involved, and whether onsite dis-
posal is practical technologically, and, if so, under what alternative methods.

As indicated by the estimates developed by UMC. remedial action will be costly.
Further, the investigations to develop the necessary information to resolve
major quest1ons and to provide a sound basis for evaluation of the feasibility
of disposal alternatives may also be costly. Therefore, it is necessary to
determine the way to accomplish the further studies and remedial actions that
are needed.
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PREFACE

This report has as its basis a characterization of the West Lake Landfill site
and evaluation of 'some potential remedial measures performed primarily by

S. K. Banerji, W. H. Miller, J. T. 0'Connor and L. S. Uhazy of the University

of Missouri-Columbia. The Nuclear Regulatory Commission received the first

and second drafts, then titled "Engineering Evaluation of Options for Disposition
of Radioactively Contaminated Residues Presently in the West Lake Landfill, St.
Louis County, Missouri," in 1984; thus most of the information in this report
dates from 1983-1984. However, some more recent data, principally water sampling
resu]ts, have been added. Waste disposal and other industrial activities have
continued on the 200 acre site, as have activities in the vicinity, resulting

in changes in details of topography,. roads, etc. To provide a more complete

view of the radioactive material in the landfill, use has been made of figures
from the report titled “Radio]ogica1 Survey of the West Lake Landfill, St. Louis
County, Missouri," NUREG/CR-2722, May 1982.

The remedial action concepts in this report are those proposed by the contractor.
Judgments expressed in this report about these concepts are in general those of
the contractor, and do not necessarily represent the views of the Nuclear Regu-
latory Commission. For example, the cost estimates for these concepts are

based on radium-226 concentrations whereas the long-term issue is dependent

upon the thorium-230 concentrations.

Although some of its information has not been updated since 1984, this report is

being released so as to make its collected information available to interested

parties.
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ABSTRACT

The West Lake Landfill is near the city of St. Louis in Bridgeton, St. Louis
County, Missouri. In addition to municipal refuse, industrial wastes and demo-
1ition debris,fabout 43,000 tons of soil contaminated with uranium and its radio-
active decay p}oducts were placed there in 1973. After learning of the radioac-
tive material in the landfill, the U.S. Nuclear Regulatory Commission (NRC) had
a survey of the site's radioactivity performed and, 4n 1983, contracted, through
Oak Ridge Asso?iated Universities (ORAU), with the University of Missouri-
Columbia (UMC)ito characterize the emvironment of the site, conduct an engineer-
ing eva]uationg and propose remedial measures. This report presents a descrip-
tion of the re?ults of the UMC work, providing the environmental characteristics
of the site, tbe extent and characteristics of the radicactive material there,
some considerations with regard to potential disposal of the material, and some
concepts for rémedia] measures.
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SUMMARY

|

In 1973, approximately 7800 metric tons (mt) (8700 short tons) of radioactively
contaminated barium sulfate (BaSO,) residues were mixed with about 35,000 mt
(39,000 t) of Sci}, and the entire volume was placed in the West Lake Landfill
in St. Louis County, Missouri. This material resulted from decontamination
efforts at the Cotter Corporation's Latty Avenue plant where the material had
been stored. Disposal in the West Lake Landfill was not authorized by the
Nuclear Regulatory Commission (NRC) and was contrary to the disposal location
indicated in the NRC records. State officials were not notified of this dis-
posal since the landfill was not regulated by the State at the time. Although
the contamination does not present an immediate health hazard, authorities have
been concerned about whether this material poses a long-term health hazard to
workers and residents of the area and what, if any, remedial action is necessary.

In 1980-81, Radiation Management Corporation (RMC) of Chicago, Illinois,
performed a detailed radiological survey of the West Lake Landfill under con-
tract to the NRC (NUREG/CR-2722). This survey was performed to determine the
extent of radiological contamination. Before this survey, little was known
about the location or activity of radionuclide-bearing soils in the landfill.

¥ This survey showed that the radioactive contaminants are in two areas. The ¥

northern area (Area 2) covers about 13 acres. The radioactive debris forms a
layer 2 to 15 feet thick, exposed in only a small area on the landfill surface
and along the berm on the northwest face of the landfill. The southern area
(Area 1) contains a relatively minor fraction of the debris covering approxi-
mately 3 acres with most of the contaminated soil buried with about 3 feet of
clean soil and sanitary fill. |

The RMC survey showed that the radicactivity is from the naturally occurring
U-238 and U-235 series with Th~230 and Ra-226 as the radionuclides that dpminate

radiological impact. The survey data indicate that the average Ra-226 concen-
tration in the radioactive wastes is about 90 pCi per gram; the average Th-230
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concentratioﬁ is estimated to be about 9000 pCi per gram. Since Ra-226 haS
been depleted with respect to its parent Th-230, Ra-226 activity will increase
in time (for}examp?e, over the next 200 years, Ra-226 activity will increase
ninefold over the present level). This increase in Ra-226 must be considered
in evaluatiné the long-term hazard posed by this radiocactive material.

In addition to RMC's radiological survey, $0il and water samples were collected
and analyzed :by others, including Oak Ridge Associated Universities (ORAU), and
the Universiﬁy of Missouri-Columbia (UMC). —Occasfonally a sample of water from

-a monitoringiwe}l exceeds slightly the EPA drinking water standard of 15 pCi

gross alpha per liter. :Sample analyses for priority poliutants (non-radioactive
hazardous substances) show a number of listed pollutants.are present.

On the basis}of radiological surveillance conducted by RMC, UMC, and ORAU, the
following areas of concern have been identified:

(1) Radioacﬁive soil is eroding from the northwestern face of the berm, and is
being transported off site.

(2) Radon gés had been observed to accumulate to an unacceptable level
~in the Butler-type building on site. This building has since been removed.

(3) Some degkee of radiological contamination has been found in the wells
that monitor the perimeter.

(4) Surface exposure rates over much of the contaminated areas are greater
than 20 pR/hr.

In March 1983, the NRC through ORAU, contracted with UMC to conduct an
engineering evaluation of the site and propose possible remedial measures for
NRC's consideration for dealing with the radicactive waste at the West Lake
Landfill. The following six remedial options were proposed and evaluated in
this study.

] Option A - No remedial action
0 Option B - Stabilization onsite with restricted land use
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0o Option C - Extending the landfill offsite with restricted land use
0 Option D - Removal and relocation of the contaminated material to an
authorized disposal site

0 Option E = Excavation and temporary onsite storage in a trench
0 Option F

Construction of a slurry wall to prevent leachate from
~ migrating off site -

It is noted thét some of the above alternatives for remedial action were

initially evaluated with the objective of permanent disposal of the waste at
the site.

X1
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1 INTRODUCTION

The West Lake Landfill is located in St. Louis County, Missouri, 6 km (3.7
miles) west of Lambert Field International Airport (Figure 1.1) and southwest
of St. Charles Rock Road in Bridgeton, Missouri. The site has been used since
1862 for dispos%ng of municipal refuse, industrial solid and liquid wastes, and
construction demolition debris. In addition, the landfill is an active indus-
trial complex on which concrete ingredients are measured and combined before

mixing ("batching"), and asphalt aggregate is prepared. Limestone ceased to be
quarried in thefspring of 1987.

In 1973, 7900 metric tons [(mt) (8700 short tons)] of radiocactively contaminated
barium sulfate (BaSO,) residues from uranium and radium processing were mixed
with an estimated 35,000 mt (39,000 tons) of soil and deposited in the West Lake
Landfill. Previously, this material was located at the Cotter Corporation's
Latty Avenue facility in Hazelwood, Missouri, and was removed during decontam-
ination work. It is not known what levels of contamination were already in

the .s0i] before the barium sulfate residues were mixed into it. Disposal in the
West Lake Landfill was unauthorized and contrary to the disposal location
indfcated in the U.S. Nuclear Regulatory Commission's (NRC's) records.

Subsequently, the NRC sponsored studies that were directed at determining the
radiological status of the landfill. In 1978, an aerial radiological survey
revealed two areas within the landfill where the gamma radiation levels indi-
cated radicactive material had been deposited. A more extensive survey was
initiated in November 1980 by the Radiation Management Corporation (RMC) under
contract to the NRC.

In March 1983, the NRC through Oak Ridge Associated Universities (ORAU) con-
tracted with the University of Missouri-Columbia Department of Civil Engineering
to describe the environmental characteristics of the site, conduct an engineering
evaluation, and propose possible remedial measures for dealing with the radio-

active waste at the West Lake Landfill. In May 1986, ORAU sampled water from

1-1
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2 SITE DESCRIPTION

This chapter presents a historical and environmental description of the West Lake
Landfill site\located in St. Louis County, Missouri.

2.1 Location’

The 81fhectaré (ha) (200-acre) West. Lake Landfill property is situated between
the St. Charles Rock Road and the 01d St. Charles Rock Road in Bridgeton,
Missouri. The southeastern and northwestern parts of the landfill abut farm-
land. Several commercial and industrial facilities are located near the land-
fill (Figure 2.1). The nearest residential area is a trailer park.located
approximately 1 km (0.6 mile) to the southeast. A major portion of the land-
fi11 (roughly the northern three-fourths of the site) is located on the
floodplain, abproximate]y 2 km (1.2 miles) from the Missouri River.

2.2 loning

The zoning plan obtained from the Bridgeton Planning and Zoning Department for
properties on ‘and adjacent to the landfill is shown in Figure 2.2. A portion
of the landfill, including site Area 1, is zoned M-1, which is designated for
light manufacturing; the northwest part of the landfill, including Area 2, is
zoned as single-family residential (R-1). This R-1 zoning indicates the use to
which the land was originally intended. However, the landfill was extended over
.the land zoned R-1, and the zoning plan was simply not changed to reflect the
new usage. Other discrepancies between land use and zoning are found in the
nearby Earth City Industrial Park (William Canney, Safety Supervisor of West
Lake Landfill, Inc., personal communication, March 1984). The land across

St. Charles Rock Road is zoned for light and heavy manufacturing. The
remainder of the property surrounding the landfill is zoned residential and
business.

2-1
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2.3 Histo:x;

The West Lake Landfill was started in 1962 for the disposal of municipal and
industrial solid wastes, and to fill in the excavated pits from the quarry
operations that had been performed at the site since 1939 (Canney, personal
communication, March 1984). 1In 1974, the landfill was closed by the Missouri
Department of Natural Resources (MDONR) (Karch, 1976). A new sanitary landfill,
in an area of the West Lake Landfill property which is protected from ground-
water contacﬁ. now operates under an MONR permit.

This new part of the landfill was opened in 1974. The bottom is lined with
clay and a Jeachate collection system has been installed. Leachate is pumped
to a treatmeﬁt system consisting of a 1ime precipitation unit followed in
series by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.

The quarrying operation ceased in the spring of 1987 because not enough “good
rock” was left at the site.

2.4 Ownershig

The West Lake Landfill was owned from 1939 until 1988 by West Lake Landfill,
Inc., of 13570 St. Charles Rock Road, Bridgeton, Missouri. Most of the
landfill was sold in 1988 to Laidlaw Industries, Inc. The two areas which
contain the radioactive material were retained by West Lake Properties as the
principal properties of a subsidiary named Rock Road Industries, Inc.

2.5 Contamihated Areés

Radioactive contamination at the West Lake Landfill has been identified in two
separate soil bodies (Figure 2.3). Comparisons of radionuclide quantities and
of the activity ratios between radionuclides not in secular equilibrium, indicéte
that the rad1oact1ve contam1nat1on in the separate soil bodies was derived from
the same source, i.e., the Cotter Corporation's former Latty Avenue facility

in Hazelwood, Missouri (NRC, NUREG/CR-2722).
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The northern érea (referred to as Area 2) of contamination shown on Figure 2.3 +
covers an area of 5.2 ha (13 acres) and lies above 5 to 6 m (16-20 ft) of land-
fill debris. 'The contaminated soil forms a more or less continuous layer from
l1to4n (3 to 13 ft) in thickness, and amounts to approximately 100,000 m3
(130,000 yd3)J Some of this contaminated soil is near or at the surface,
particularly élong the face of the northwestern berm. Beneath the landfill
debris, the $0i1 profile consists of 1 to 2 m (3 to 7 ft) of floodplain top

soil overlying 10 to 15 m (33 to 50 ft) of sand and graveI alluvium.

The southern area of contamination (referred to as Area 1) shown on Figure 2.3
covers'approxfmately 1.1 ha (3 acres) and contains roughly 15,000 m®

(20,000 yd3®) of contaminated soil. This body of soil is located east of the
landfill's main office at a depth of about 1 m (3 to 5 ft), and is located over a
former quarry pit, which was filled in with debris. The depth of debris beneath
the contaminated soil is unknown, but is estimated to be 15 to 20 m (50 to 65 ft).
Limestone bedrock underlies the landfill debris.

2.6 Tbgogragﬁx

About 75% of the landfill site is located on the floodplain of the Migsouri
River. The s{te topography is subject to change because of the types of activ-
ities (e.g., 1andfi]1ing and quarrying) performed there. Figure 2.3 shows a
contour map of the site as of July 1986. The surface runoff follows several

surface drain§ and ditches which run in a northwest direction and drain into
the Missouri River.

2.7 Geology -

2.7.1 Bedrock

Bedrock beneath the West Lake Landfill consists of Mississippian age Yimestone
of the Meramacean Series of the St. Louis and Salem formations, which extends
downward to an elevation of 58 m (190 ft) mean sea level (msl) (Figure 2.4).*

*Missouri Depértment of Natural Resources, Division of Geology and Land
Survey, Rolla, Missouri, Well Log Files.
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The limestone is dense, bedded, and fairly pure except for intermittent layers
which consist of abundant chert nodules. The Warsaw Formation--also of
Mississippian age--lies directly beneath the limestone. The Warsaw is made up
of approximately 12 m (38 ft) of slightly calcareous, dense shale; this grades
into sha1ey'1imestone toward the middle of the formation (Figure 2.4) (Spreng,
1961). Bedrock beneath the site dips at an angle of 0.5° to the northeast.
Eight kilometers (5 miles) east of the site, the attitude of the bedrock is
reversed by the Florissant Dome; the bedrock dips radially outward from the
apex of this dome at a low angle (Martin, 1966).

Since karst (solution) activity often occurs in carbonate rocks, the possibil-
ity of its occurrence in the West Lake Landfill area was considered. Brief
observation;of the quarry walls at the landfill suggests that some solution of
the limestone has occurred, but this solution activity has apparently been
Timited (seé Section 2.8.1) to minor widening of joints and bedding planes near
the bedrock:surface. Although karst activity within the limestone is relatively
minor, the dpper surface of the bedrock is irregular and pitted as a result of
solution (Lutzen and Rockaway, 1971). This alteration of the bedrock surface

is greatest;beneath the Missouri River floodplain.

2.7.2 Soils

Soil material in this area may be divided into two categories: Missouri River
alluvium and upland loessal soil. This demarcation is shown as the historical
edge of the alluvial valley in Figure 2.5. The division is made on the basis of
soil composition, depositional history, and physical properties. Because the’
West Lake Landfill lies over this transition zone, the surface material at the
site varies considerably from southeast to northwest. ‘

The Missouri River alluvium (Figure 2.6) ranges in thickness from 12 m (40 ft)
beneath the landfill site to more than 30 m (100 ft) at mid-valley (Figure 2.7).
The upper 3 m (10 ft) of the soil profi]é consists of organic silts and clays,
that have been deposited by the Missouri River during floods.* Below this

*Missouri Départment of Natural Resources, Division of Geology and Land Survey,
Rolla, Missouri, Well Log Files.
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surface layer, the soil becomes sandy and grades to gravel at depths greater
than 5 to 10 ﬁ (16 to 33 ft). Because of the effects of channel scour, which
continues to grade the sediment after its initial deposition, the alluvium is
fairly homogeneous in a horizontal direction and becomes progressively coarser
with depth (Gdodfie1d, 1965). At the edges of the floodplain, the alluvium is
not as well ghaded, and a large amount of fine material is present in the deeper
sand and gravel.

The upland loessal soil (Figure 2.8) is generally thinner than the floodplain
soil, being usua11y Jess than 12 m (39 ft) thick, and was deposited during the
age of Pleistocene glaciation. The -1oess consists of silt-sized particles that
were transporﬁed by wind and deposited as a blanket over much of Missouri and
I1Tinois. On the hills near the West Lake Landfill, the loess layer may be as
much as 24 m (79 ft) thick. It consists of 6 to 9 m (20 to 30 ft) of fairly
pure silt (Peoria loess) overlying 6 to 15 m (20 to 49 ft) of clay silt (Roxana
loess) (Lutzeq and Rockaway, 1971). This loess forms the hills to the southeast
of the landfill, but it has long ago been removed from the landfill site and
most df the surrounding valleys by erosion. The upper 1 m (3 ft) of the loess
has been altered to form a thin soil profile. It should be noted that loess has
a vertical permeability which is far greater than its horizontal permeability
(Freeze and Cherry, 1979). The total permeability of loess is greatly increased
by disturbance. The individual silt grains are generally quite angular, and
therefore mayinot be effectively compacted by the methods commonly used to con-
solidate clay. The technique most effective in the compaction of loess would
employ vibration beneath a surcharge. A relict soil profile from 5 to 10 m

(16 to 33 ft) thick lies beneath the loess and directly on top of the bedrock.
This soil was formed as a residuum before Pleistocene glaciation and was sub-
sequently covered by the loess blanket. This soil is a highly consolidated

clay containing abundant chert fragments (Lutzen and Rockaway, 1971). 1In
addition to the natural geologic properties of the landfill, human disturbance
of the soil must also be considered since material within the landfill itself
can either limit or facilitate migration of leachate to the Missouri River
alluvial aquifer. '

In order to prevent downward movement of leachate, it is now a common practice
to place a layer of compacted clay beneath sanitary landfills. Newer portions
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of the landfill (constructed sirce 1974) have 2 to.3 m (7 to 10 ft) of clay at
the base anq around the sides. Waste is covered every day with 15 cm (6 in.)

of compacted soil; the cover soil presently used is loess (of soil classifica-
tions CL and A4) taken from southeast of the landfill (Reitz and Jens, 1983a).
If not propérly compacted, this material may have a permeability of 0.0001 cm/sec
(0.00004 in./sec) or more. It is not known what procedures for compaction, if
any, were used at the landfill before 1974 since the site was unregulated in
design as well as in materials which were accepted for disposal. dt {is be-
lieved, howéver, that there is no liner present beneath the northwestern por-
tion of theglandfiil, and that sanitary (and, possibly, some hazardous) material
was placed direct]y on the original ‘ground surface. Since waste was period-
ically covered with soil to minimize rodent and odor problems, the landfill
probably coﬁsists of discrete layers of waste separated by thin soil layers.
Both areas éontaining radioactive material are in these presumably unlined ¥
above-ground portions of the landfill.

2.8 deroloéx
2.8.1 Subsurface Hydrology

Groundwater flow in the area surrounding the West Lake site is through two
aquifers: the Missouri River alluvium and the shallow limestone bedrock. The
base of the limestone aquifer is formed by the relatively impermeable Warsaw
shale at an elevation of about 58 m (190 ft) msl (Figure 2.4). This shale
layer has been reached, but not disturbed, by quarrying operations. Therefore,
the Warsaw shale acts as an aquiclude, making contamination of the deeper lime-
stone very unlikely. The Mississippian limestone beds have very low inter-
granular permeability in an undisturbed state (Miller, 1977). However, a
strong leachate enters the quarry pit at an elevation of about 67 m (220 ft) ‘
ms1 (pt. A on Figure 2.5). This leachate is higrating vertically through more
than 30 m (98 ft) of limestone. Explosive detonations associated with quarrying
operations will tend to cause fractures to propagate in the quarry wall. These
fractures have probably extended less than 10 m (33 ft) into the rock from the
quarry face. Beyond this, the rock probably remains undisturbed. These
fractures will tend to increase inflow to the quarry pit and allow leachate to
percolate downward through.the fractured zone. Thus, leachate inflow to the
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quarry pit is not evidence of large-scale contamination of the limestone
aquifer. The;on1y other mechanism by which leachate could travel rapidly
through the limestone is by transport through solution channels. ~Landfill con-
sultants and duarry operators maintain that the limestone is fairly intact
(Canney, personal communication, September 1983), and superficial observation
of the quarry walls seems to support this conclusion. - Since the limestone is
fairly impervious, and groundwater flows in most areas from the bedrock into

the alluvium, contamination of water in the bedrock aquifer does not appear
likely. N

The water tabie of the Missouri River floodplain is generally within 3 m (10 ft)
of the groundfsurface, but at many points it is even shallower. At any one
time, the watér levels and flow directions are influenced by both the river
stage and the amount of water entering the floodplain from adjacent upland
areas. A high river stage tends to shift the groundwater gradient to the
north, in a direction that more closely parallels the Missouri River. Local
rainfall will 'shift the groundwater gradient to the west, toward the river and
along'the fall of the ground surface. This is inferred from water levels
measured in monitoring wells at the West Lake site. The fact that groundwater
levels commonly fluctuate more than does the Missouri River level, indicates
that upland-derived recharge exerts a great deal of influence over groundwater
flow at the West Lake site. This influence decreases toward the river. |

The deep Missouri River alluvium acts as a single aguifer of very high per-
meability. This aquifer is relatively homogeneous in a downstream direction,
and decreases in permeability near the valley walls. The deeper alluvium is
covered by 2 to 4 m (7 to 13 ft) of organic silts and clays that may locally
contain a large fraction of sand-sized particles. Water levels recorded between
November 1983 and March 1984 in monitoring wells at West Lake* indicate a
groundwater gfadiént of 0.005 flowing in a N 30°W direction beneath the northern
portion of the landfill. This represents the likely direction of any possible
leachate migration from the landfill (Figure 2.5).

*Data supp]ied by Reitz and Jens engineering firm, St.louis, 1984.
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The alluvial aquifer recharges from upland areas from three sources: seepage
from loess and bedrock bordering the valley, channel underflow of upland streams
entering the valley, and seepage losses from streams as they cross the flood-
plain. Of ghese sources, streams and their underflow represent the main source
of upland recharge to the alluvial aquifer. Streams entering the floodplain
raise the wéter table in a fan-shaped pattern radiating outward from their point
of entrance to the plain. In areas where streams are not present, the water
slopes downward from the hills, steeply at first and then gently to the level

of the free water surface in the Missouri River channel. The situations de-
scribed above do not take into account the effect of variations in permeability
of the shallow soil layer. Aerial photography of the site indicates that a
filled backéhannel (oxbow lake) type of soil deposit is present along the south-
west boundary of the landfill (USDA, 1953). This deposit is probably com-

posed of fine-grained material to the depth of the former channel (6 to 10 m)
(20 to 33 ft). This deposit may tend to hamper communication between shallow
groundwater on opposite sides of the deposit.

Since no othér recharge sources exist above the level of the floodplain, the
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvial aqui-
fer is highly permeable, there will be little "mounding" of water beneath the
landfill. Because the northern portion of the landfill has a level surface it
is likely that at least half of the rainfall infiltrates the surface. The
remaining rainfall is Tost to evapotranspiration and (to a lesser degree) sur-
face runoff.. Due to the height of the berm, temporary impoundment of surface
runoff is a common occurrence.

No public water supplies are drawh from the alluvial aquifer near the West Lake
Landfill. It is believed that only one private well (Figure 2.9) in the vicin-
ity of the landfill is used as a drinking water supply. This well is 2.2 km
(1.4 miles) N 35°W of the former Butler-type Building location on the West Lakb
Landfill. 1In 1981, analysis showed water in this well to be fairly hard (natural
origins) but otherwise of good quality (Long, 1981). '

Water in the Missouri River alluvium is hard and usually contains a high
concentration of iron and manganese (Miller, 1977). The amount of dissolved
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solids present in the water of the alluvial aquifer varies greatly; purity
increases toward mid-valley where groundwater velocity is greatest. A water
sample from a Qe]] in the alluvium 3 km (1.9 miles) north of the landfill had

a total dissol&ed solids content of 510 mg/liter and total hardness as CaC0,

of 415 mg/liter. Water in the limestone bedrock generally has a hardness
greater than 180 mg/liter as CaCO3 equivalent (Emmett and Jeffery, 1968). Total
dissolved solids range from 311 to 970 mg/liter. Water in the limestone aquifer
may contain a large amount of sulfate of natural origin (Miller, 1977).

2.8.2 Surface;Hydrology

Because of the extremely Tow slope of the Missouri River flood plain surface,
precipitation Ta]1ing on the plain itself generally infiltrates the soil rather
than running o}f the surface. The on1y streams present on the floodplain are
those that originate in upland areas. Drainage patterns on the plain

(Figure 2.9) h?ve been radically altered by flood control measures taken to
protect Earth City (Figure 2.1) and by drainage of swamps and marshes. Before
these'a1terations, Creve Coeur Creek passed just south of the landfill, and
drained a fairly large area. It has since been redirected to discharge into
the Missouri Rﬁver upstream (south) of St. Charles (Figure 2.9). The -old
channel still carries some water, and empties into the Missouri River 45.2 km
(28 miles) upstream from the confluence with the Mississippi River. Near the
landfill, this stream is usually dry. As it crosses the flood plain, the creek
passes through shallow lakes which provide a more or less continuous flow to
the Missouri River throughout the year. A second stream, Cowmire Creek, crosses
the floodplain east of the site. This stream flows northward and joins a back-
water portion of the Missouri River at kilometer 35.4 (22 miles). Because of
the relationship which exists between river level and groundwater level in por-
tions of the floodplain near the river, these streams may either lose flow (at
low stage) or gain flow (at high stage).

The present channel of the Missouri River lies about 3 km (2 miles) west and
northwest of the landfill. Early land surveys of this area indicate that

200 years ago the channel was located several hundred meters to the east (toward
the landfill) of its present course (Reitz and Jens, 1983b). The Missouri River
has a surface slope of about 0.00018 (Long, 1981). River stage at St. Charles
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[kilometer 45.2 (mile 28)] is zero for a water level of 126.1 m (413.7 ft) msl-
(Reitz and Jéns, 1983a). Average discharge of the Missouri River is 2190 m3/s
(77,300 ft3/s), with a maximum flow of 2850 m3/s (101,000 ft3/s) for the period
of April through July, and a minimum flow of 1140 m3/s (40,300 ft3/s) in January
and December (Miller, 1977). Some average properties of Missouri River water
for the period 1951-1970 were: alkalinity = 150 mg/liter as CaC0, equivalent;
hardness = 209 mg/liter as CaCO, equivalent; pH = 8.1; and turbidity = 694 JTU
(Jackson turbidity unit). ' '

Water supplies are drawn from the Missouri River at kilometer 46.6 (mile 29)
for the city of St. Charles, and the intake is located on the north bank of the
river. Another intake at kilometer 33 (mile 20.5) is for the St. Louis Water
Company's No;th County plant (Reitz and Jens, 1983a). ‘

i

The city of St. Louis takes water from the Mississippi -River, which joins the

- Missouri Rivgr downstream from the landfill. In this segment of the river, the

two flow-streams have not éomp1ete1y mixed and the water derived from the
Missouri River is stil flowing as a stream along the west bank of the
Mississippi River channel*. The intake structures for St. Louis are on the
east bank of:the river so that the water drawn is derived from the upper
Mississippi.

2.9 Meteorology

The climate of the West Lake area is typical of the midwestern United States,

in that there are four distinct seasons. Winters are generally not too severe
and summers are hot with high humidity. First frosts usually occur in October;
and freezing temperatures generally do not persist past March. Rainfall is
greatest in the warmer months, (about one-quarter of the annual precipitation
occurs in May and June) (Figure 2.10) (NRC, 1981). In July and August, thundef-
storms are common, and are often accompanied by short periods of heavy rainfall.
Average annual precipitation is 897 mm (35.3 in.), which includes the average
annual snowfall of 437 mm (17.2 inches snow). Average relative humidity is 68%,

*Ned Harvey, ‘hydrologist with the USGS, telephone communication, August 1983.
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and humidities over 80% are common during the summer. Wind during the period of
December through April is generally from the northwest; winds blow mainly from
the south throughout the remainder of the year. A compilation of hourly wind
observations shows that although the wind resultant is fairly consistent on a
monthly basis, the wind actually shifts a good deal and is very well distri-

buted in all directions (Figure 2.11) (NRC, 1981; U.S. Department of Commerce,
1960).

Meteoro]ogicai data used is from Lambert Field International Airport which is
6 km (3.7 miIgs) east of the West Lake site. Temperature and precipitation
data are also representative of West Lake. However, because of differences in
topography between Lambert Field and the site, the actual wind directions at

West Lake may be slightly skewed in a NE-SW direction paraliel to the Missouri
River valley. .

2.10 Ecology"

The West LakegLandfi11 is biologically and ecologically diverse. Rather than a
single ecological system (e.g., a prairie), it is a mosaic of small habitats
associated wiﬁh

(1) moist bottomland and farmland adjacent to the perimeter berm

(2) poor quality drier soils on the upper exterior and interior siopes
of the berm

(3) an irregular waste ground surface associated with the inactive portion of
the landfill

(4) aquatic eﬁosystems present in low spots on the waste ground surface
Generally, the natural systems which are present are limited by operations in
the active portion of the Tandfill and form a corridor along the perimeter berm

from near well site 75?&Eig§}e'2:5), on the 01d St. Charles Rock Road, clockwise
to the main eﬁtranée to the.lahdfi11 near well site 68, along St. Charles Rock
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Road. The fo]1owing observation and descriptions demonstrate the biological
variety of these sites.

The flora of the perimeter berm extending from the southwest clockwise to the
area of the main entrance to the landfill present a series of contrasts. Along
the 01d St. 'Charles Rock Road, the bottom and lower slope of the berm is heavily
influenced by the nearby mature silver maple (Acer saccharinum), boxelder

(Acer negundo), oak (Quercus), sycamore (Platanus), green ash (Fraximus
pennsylvanica), and eastern cottonwood (Populus deltoides) trees associated
with the old channel of Creve Coeur Creek. At the corner, between wells 59 and
60 (Figure 2.5), large silver maple and boxelder trees form a dense stand in the
moist soils at the base of the berm. The density of these trees declines on
this slope extending toward the north (well 61) and the Butler-type Building
corner. Thé extension of this slope toward the northwest is dominated by a
dense willow-1ike thicket in which a few eastern cottonwoods and a hawthorn
tree have established. From this northwest corner of the landfill to the
eastern Tim{t of the trees between the landfill and St. Charles Rock Road (well
65), the extérior slope of the berm is dominated by dense stands of small and
large eastern cottonwoods. This latter occurrence reflects the influence of
the well-established eastern cottonwoods and sycamores associated with the per-
manent pond just north of this site (Figure 2.9). The ground cover along

these exterior slopes consists of grasses, forbs, plants common to disturbed
areas, seedling cottonwoods, and shrubs. A well-manicured grass groundcover
continues from the 1imit of the trees to the area around the main entrance of
the landfill and well 68. This vegetation contributes to the partial stabi-
lization of the steep exterior slopes.

The somewhat drier top and the short, interior slope of the berm, colonized by
prairie grasses such as bluestem (Andropogon), blends into the irregular sur-
face of the jnactive portion of the landfill. Depressions in this surface
allow water to collect and tall grasses, foxtail, and plants characteristic

of disturbed areas [e.g., ragweed (Ambrosia), mullein (Verbascum), pokeweed
(Phytolacca), cinquefoil (Potentilla), sunflower (Helianthus), and plantain
(Plantago)] are replaced by characteristic wetland species [e.g., algae
(Spirogyra), cattails (Typha), sedges»(ggggg),;and smartweed (Polygonium)].
Young eastern cottonwoods are established at several of these wet sites.
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Generally, thé surface vegetation of the 1nacti§e landfill gives way to barren
waste ground around the Butler-type Building location and the barren terrain
associated with recent landfill activities.

Animals were 6bserved associated with these habitats. Cottontail rabbits
(Sx]viiagus) were encountered most frequently and their fecal pellets were ob-
served on the landfill. ‘Density of fecal material was particularly heavy in
the thickets on the exterior slopes of the perimeter berm. In this regard,
coyote (Canis latrans) feces containing rabbit fur were observed. Small mammals
(rodents) were not seen but could certainly be Qresént in these areas. Large
ungulates also were not sighted, but tracks and feces of white-tailed deer indi-
cate that they utilize the landfill.

The only birds observed were a crow (Corvus), several robins (Turdus), and white-
crowned sparrows (Zonotrichia leucophrys). This certainly does not reflect the
extent to which birds utilize these habitats, for observations were made early

in the spring. It is readily apparent that returning migratory passerines would
utilize the surface vegetation and berm thickets for nesting, cover, and feed
later in the season. It is also possible that waterfow] could utilize the perma-
nent ponds on the landfill and adjacent to St. Charles Rock Road. Twelve scaup
(Aythya) and mallards (Anas) were observed on the lagoon which serves as part

of the landfill waste water treatment facility.

Small puddles contained characteristic aquatic invertebrates and at least two
species of amphibians. Casual examination of these shallow waters revealed
three genera of snails (Physa, Lymnaea, Helisoma), an isopod (Asnellus),
cyclopoid copepods, and cladocerans. Aquatic insect larvae were not observed;
however, this does ndt rule out their presence. The sighting of a bullfrog
tadpole (Rana catesbeiana) and audition of spring peepers (Hyla), indicates

these ponds are utilized as breeding sites. No fish were observed in these

puddles on the landfill surface; however, a dead gizzard shad (Dorsoma ggpedianﬁm)
was seen in the pond adjacent to St. Charles Rock Road. The only reptiles
seen were the water snake (Nerodia) and the garter snake (Thamnoghis).

Although the northwest inactive portion of the landfill is posted with "No
Trespassing" éigns, it was evident that humans do encroach on these habitats.
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Fishing tackie was found tangled in power lines and trees, and spent small-
gauge shotgun shells were found on the landfill surface and berms.

2.11 Demographics

Thé West Lake Landfill is located in the northwestern portion of the city of
Bridgeton, in St. Louis County, Missouri. Eafth City Industrial Park is located
on the f]oodp]ain 1.5 to 2 km (0.9 to 1.2 mi]és) northwest of the landfill.
Population &ensity on the floodplain is gener§11y less than 10 persons per
square kilometer (26 persons per square mi]e)§ and the daytime population
(including factory workers) is much -greater tﬁan the number of full-time resi-
dents. | |

Major highways in the area include Interstate 70 (I-70) and Interstate 270
(1I-270), which meet south of the landfill at Natural Bridge Junction (Fig-

ure 1.1). The Earth City Expressway and St. Charles Rock Road lie, respectively,
west and east of the landfill. The Norfolk and Western Railroad passes about

1 km (0.6 mile) from the northern portion of the landfill (Figure 1.1). Lambert
Field International Airport is located 6 km (3.7 miles) east of the West Lake
Landfill.

In additionfto factories at Earth City, plants are operated by Ralston-Purina
and Hussman.Refrigeration across St. Charles Rock Road. The employees of
these two plants probably comprise the largest group of individuals in close
proximity to the contaminated areas for significant periods of time. The
Ralston-Purina facilities are located 0.4 km (0.2 mile) northeast of the
Butler-type Building location at the landfill. Considering that land in this
area is relatively inexpensive and that much of it is zoned for manufacturing,
industrial development on the floodplain will likely increase in the future.

Two small residential communities are present near the West Lake Landfill.
Spanish Lake Village consists of about 90 homes and is located 1.5 km (0.9 mile)
south of the landfill, and a small trailer court lies across St. Charles Rock
Road, 1.5 km (0.9 mile) southeast of th- site (Figure 2.1). Subdivisions are
presently being developed 2 to 3 km (1.2 to 1.9 miles) east and southeast of the
landfill in the hills above the floodplain. Ten or more houses lie east of the
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landfill scattered along Taussig Road. The citj of St. Charles is located
north of the Missouri River at a distance greater than 3 km (1.9 miles) from
the landfill. .

Areas south of the West Lake Landfill are zoned}residentia]; areas on the

other sides are zoned for manufacturing and business (Figure 2.2). Most of

the landfill is zoned for light manufacturing (M-1). However, approximately

0.3 km? (0.12:mi2) of the northern portion of tﬁe landfill is zoned for residen-
tial use; this includes the contaminated area around the Butler-type Building
site. The field northwest of the landfill betwéen 01d St. Charles Rock Road

and St. Char]és Rock Road is under cultivation. ' Trends indicate that the
population of ithis area will increase, but the land will probably be used
primarily for industrial facilities.
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3 RADIOLOGICA} CHARACTERIZATION OF THE SITE

3.1 Radiological Surveillance

Approximately 43,000 mt (47,000 tons) of contami&ated soil were reported to have
been disposed of in the landfill. A fly-over radiological survey performed for

.the NRC in 1978 identified two areas of contamination at the West Lake Landfill.

Subsequently, from August 1980 through the summer of 1981, the Radiation
Management Corporation (RMC), under-contract to the NRC, performed an onsite
evaluation of the West Lake Landfill (NRC, NUREG?CR-2722). The purpose of this
survey'was to i!early define the radiological conditions at the landfill. The
results were to be utilized in performing an engineering evaluation to determine
if remedial actions should and could be taken.

The
the

(1)

(2)

(3)

(4)

(5)

(6)

(7)

area to be: surveyed was divided into 10-m (33-ft) grid blocks and included
following measurements:

~external gamma exposure rates 1 m (3.3 ft) above the surfaces and beta-

gamma count rates 1 cm (0.4 in.) above surfaces
radionuclide concentrations in surface soils
radionuclide concentrations in subsurface deposits

gross activity and radionuclide concentrations in surface and subsurface
water samples

radon flux emanating from surfaces
airborne radioactivity

gross activity in vegetation
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3.2 Survey kesu]ts

External Gamma

Figure 3.1 shows the two areas of elevated extérnal radiation levels as they
existed in N#vember 1980, at the time of the pfe1iminary RMC site survey. As
can be seen, both areas contained locations whére levels exceeded 100 pR/hr at
1m (3.3 ft). In Area 2, gamma levels as high'as 3000 to 4000 pR/hr were
detected. The total areas exceeding 20 pR/hr Qere about 1.2 ha (3 acres) in
Area 1 and 3.6 ha (9 acres) in Area 2.

External gamha levels measured in May and July:of 1981 decreased significantly,
especially in Area 1, because approximately 1.2 m (4 ft) of sanitary fill was
added to the entire area and an equal amount ‘of construction fill was added to
most of Area.2. As a result, only a few hundred square meters (a few thousand
square feet) in Area 1 exceed 20 pR/hr. In Area 2, the total area exceeding
20 pyR/hr decreased by about 10%, and the highest levels were about 1600 pR/hr,
near the location of the Butler-type building.i

Surface Soi1;Ana1yses

A total of Gi surface soil samples were gathered and analyzed on site for gamma
activity. Samples were normally stored 10 to 14 days to allow ingrowth of radium
daughters. Concentrations of U-238, Ra-226 (from Pb-214 and Bi-214), Ra-223,
Pb-211, and Pb-212 were determined for each sample. Surface soil samples are -
located in Figures 3.2 and 3.3. '

In all soil éamples, bnly uranium and/or thorium decay chain nuclides and K-40
were detected. Offsite background samplies were on the order of 2 pCi/g Ra-226.
Onsite samples ranged from about 1 to 21,000 pCi/g Ra-226, and from less than
10 to 2100 pCi/g U-238. In those cases where elevated levels of Ra-226 were
detected, thé concentrations of U-238 were generally anywhere from a factor of
2 to 10 lower. In cases of elevated sample activity, daughter products of both
U-238 and U-235 were found.
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In general, surface activity was limited to Areagz, as indicated by surface
beta-gamma measurements. Only two small regionsiin Area 1 showed contamination;
both were near:the access road across from the sﬁte offices.

In addition to onsite gamma analyses, 12 samplesiwere submitted to RMC's radio-
chemical laborétories for thorium and uranijum rahiochemica] determinations. The
results show all samples contain high levels of Th-230. The ratio of Th-230 to
Ra-226 (Bi-214) is about 20 to 1.

Subsurface Soil Analysis

Subsurface contamination was assessed by extensi§e1y "logging" holes drilled
through the landfill. Several holes were dri11ea in areas known to contain con-
tamination, then additional holes were drilled at intervals 1n all directions
until no furthér contamination was encountered. ‘A total of 43 holes were
drilled, 11 injArea 1 and, in Area 2, 32 inc]udi%g 2 nearby offsite wells for
monitoring water. A1l holes were drilled with a'6-in. auger and lined with 4-in.
PVC (pb1yviny1jch10ride) casing. The location of these auger holes is shown in
Figures 3.4 and 3.5.

Each hole was scanned with an NaI(T1) detector and rate meter system for an
initial indicaﬁion of the location of subsurface contamination. On the basis
of the 1nitia1}scans, 19 holes were selected for detailed gamma logging using
the intrinsic germanium (IG) detector and multip1e channel analyzer.

The results of%the NaI(T1) counts and IG analyses show concentrations of Bi-214,
as determined by the IG system, ranged from less than 1 to 19,000 pCi/g. For
those holes where both Nal(T1) counts and IG counts were made, a good correla-
tion between gross NaI(T1) counts and Ra-226 concentrations, as determined by
in situ analysis of the daughter Bi-214 by the IG system, was found.

It was determined that the subsurface deposits extended beyond areas where sur-
face radiation measurements exceeded 5 pCi/g. The approximate area of subsurface

contamination compared to the area of elevated surface radiation levels shows a
total difference in areas of 2 ha (5 acres).
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The variations of contaminatjon with depth foriAreas 1 and 2 are shown in
Figure 3.6. As can be seen, the surface elevations vary by about 6 m (20 ft),
and the highest elevations occur at locations bf fresh fill. Contamination

(>5 pCi/g Ra-226) in several areas is found to?extend from the surface to
appreciable depths, about 6 m (20 ft) below the surface in two cases. In
general, the subsurface contamination appears @o be a continuous single layer,
ranging from 0.6 to 4.6 m (2 to 15 ft) thick, located between elevations of 139
to 144 m (45§ to 480 ft) and covering 6.5 ha (16 acres) total area.

In Figures 3.7 and 3.8, representations of the subsurface deposits are provided

on the basis of auger hole measurements. Ihesé representations are consistent
with the operating history of the site, which suggests that the contaminated
material was moved onto the site and spread as'cover over fill material. Thus, ﬂ‘

one would expect a fairly continuous, thin layer of contamination, as indicated
by survey results.

Nonradiological Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-
tory for pribrity pollutant analysis. Five samples were taken from auger holes
(one from Area 1 and four from Area 2) and the sixth from the West Lake leachate
treatment plant studge. The results indicate a significant presence of

organic so]vénts in Area 2 samples. The results o% the leachate sludge

analysis were not as high as any of the soil samples.

A chemical analysis of radioactive material from both areas was also performed

by RMC's laboratory. Results show elevated levels of barium and lead in most
cases. '

Background Radibéttivity Measurement

Various offsﬁte;ToCationg.wefe selected for reference background measurements.
The results of these measurements were within the normal range.

1
|
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Airborne Radioactivity Analyses

Both gaseous gnd'particu1ate airborne radicactivbty were sampled and analyzed
during this study. Since it was known that the buried material consisted par-
tially or totally of uranium ore residues, the shmp]ing program concentrated on
measuring radon and its daughters in the air. TQo methods were used: the first
was a scintillation flask method for radon gas and the second was analysis of
filter paper activity for particulate daughters.

A series of grab samples using the accumulator m?thod were taken between May
and August of 1981. A total of 111 'samples fromi 32 locations was collected.
Measurable radon flux levels ranged from 0.2 pCi?mzs in low background areas
to 865 pCi/ng in areas of surface contamination.

At three locations, repetitive measurements were made over a period of 2 months.
These results are plotted in Figure 3.9. As can be seen, significant fluctua-
tions were observed at two locations. The fact that these fluctuations were
real and not measurement artifacts was later con?irmed by duplicate charcoal
canister samples, as described below.

A total of 35 charcoal canister samples was gathered at 19 locations over a
3-month periodL The results show levels ranging from 0.3 pCi/m?s to 613
pCi/m?s. On 24 different occasions, the charcoal canisters and accumulator
were placed in essentially the same locations, at the same time, for duplicate
sampling. The results of this side-by-side study show generally good
correlation between the two methods.

A set of 10-minute high-volume particulate air samples was taken to determine
both short-iived radon daughter concentrations and long-lived gross alpha
activity. The highest levels were detected in November 1980, near and inside

the Butler-type building which has since been removed. These two samples
approximately equal NRC's 10 CFR Part 20, Appendix B, alternate concentration *
limit of one-thirtieth WL for unrestricted areas.

In addition to the routine 10-minute samples, five 20-minute high-volume air
samples were taken and counted immediately on the IG gamma spectroscopy system
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to detect the presence of Rn-219 daughters. Ajl samples were taken near sur-
face contamination. In addition to Rn-222 daubhter gamma activities, Rn-219
daughters were detected by measuring the 1ow-a£undance gamma rays of Pb-211.
Concentrations of Rn-219 daughters ranged from 6 x 10-11 to 9 x 10-1° pCi/cc.

Vegetation Analysis

Vegetation samples included weed samples from onsite locations and farm crop
samples (winter wheat) near the northwest boundary of the landfill. This loca-
tion was chosen because runoff from the fill oﬁto the farm field was possible.

No elevated activities were found in these samples. ' %

Water Ana]ysés

A total of 37 water samples was taken: 4 in the fall of 1980, and the remainder
in the spring and summer of 1981. One sample was equal to the U.S. Environmen-
tal Protectién Agency (EPA) gross alpha activity standard for drinking water of
15 pC{/literfand that was a sample of standing/water near the Butler-type
building. Séveral samples, including all the leachate treatment plant samples,
exceeded the EPA drinking water screening level for gross beta which would
require isotopic analyses. Subsequent isotopic analyses indicated that the

beta activity could be attributed to K-40. None of the offsite samples 4‘
exceeded either EPA standard or screening level.

In 1981, MDNR collected 41 water samples which RMC analyzed for radioactivity
(Table 3.1).. Of these samples, 5 were background, 10 were onsite surface

water, 10 were shallow groundwater standing in boreholes, and 16 were landfill
leachate. From these data, background activity is estimated as 1.2 pCi/1iter}
gross alpha and 27 pCi/liter gross beta. Results in Table 3.1 show the

gross alpha in two water samples exceeded or equaled 15 pCi/1; the gross beta in
ten water samples exceeded 50 pCi/1. Most of the gross beta activity comes ffom

7 naturally occurring K-40 as determined from subsequent isotopic analysis.

In addition, groundwater samples in perimeter monitoring wells at the West
Lake Landfill were taken by UMC personnel and ORAU in 1983, 1984, and 1986.
The well locations are shown in Figure 2.5 and' the results are presented in
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Tables 3.2 and 3.3. Results in Table 3.2 show éhe gross alpha in two water samples
slightly exceeded 15 pCi/1; the gross beta were}all below 50 pCi/1 in all water

samples. Table 3.3 shows analyses were below 15 pCi/1 for gross alpha and 50 pCi/1
for gross beta for all the wells.

3.3 Estimati¢n of Radioactivity Inventory

In examining ﬁhe RMC report for bore hole samples (Table 3.3), it is noted that
the naturally occurring U-238 to Th-230 to Ra-zfs equilibrium has been disturbed.
The RMC report (NRC, NUREG/CR-2722) indicates that the ratio of Ra-226 to U-238
is on the ordér of 2:1 to 10:1. This observation is consistent with the history
of the radionqc]ide deposits in the West Lake Landfill, i.e., that they came
from the processing of uranium ores to extract the uranium content and that the
radioactive material at West Lake came from the former Cotter Corporation
facility on Latty Avenue (presently occupied by Futura Coatings Company) in
Hazelwood, Missouri. This location contains contamination from ore processing
residues from which uranium had been previously separated, leaving the daughters
behind at relatively higher concentrations. Additionally, it is noted in the ik
RMC report that the ratio of Th-230 to Ra-226 is on the order of 5:1 to 50:1.
This indicates that radium has also been removed. Other data are avatlable in
the Latty Avenue site study (Cole, 1981). Table 3.4 presents the radionuclide |
concentrations in Latty Avenue composite samples.

Using the RMC data and averaging the auger hole measurements over the two volumes
of radioactive material found in Areas 1 and 2, a mean concentration of S0 pCi/g
was calculated for Ra-226. Also, the ratios of Th-230 to Ra-226 were esta- '
blished since the level of Th-230 will determine the increase of Ra-226 with
time. Ailthough the ratio of Th-230 to Ra-226 ranged from 5:1 to 150:1, most of
the data were in the 30:1 to 50:1 range. To ensure conservatism in estimating
the long-term effects of Ra-226, a ratio of 100:1 was used for all further
calculations.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per
gram. If the U-238 concentration (as well as U-234 which would be similarly

separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. The total mass of radioactive material (having Ra-226
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concentrations of 5 pCi/g or more) in the landfill was estimated by visually
integrating the volume of radioactive materia]ffrom graphs and multiplying by

an average soil density, resulting in 1.5 x 1011 grams (150,000 metric tons) of
contaminated soil. These numbers indicate that there are about 14 Ci of Ra-226
contained with its decay products in the radioéctive material in the landfill.
The mater1al a]so contains about 3 Ci each of U-238 and U-234, and about 1400 Ci
of Th-230 These estimates indicate the orderrof magnitude of the quantities

to be dealt w1th, although the estimate for Th-230 is regarded as conservatively
large.
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Figure 3.2 Location of surface soil samples, Area 1
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Figure 3.3 Location of surface sof) samples, Area 2
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. Figure 3.4 Llocation of auger holes, Area 1
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Figure 3.5 Location of auger holes, Area 2
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Figure 3.7 Cross-section B-8 showing subsurface deposits in Area 1
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WLLFOIA4312 - 015 - 0172684



g
=

g

" JBASE1

RADON FLUX pCi/m?-s
g 8 8
] T T

8

8
T

8
!

5/1 §/10 §/20 §/30 " 6/10
DATE

Source: NUREG/CR-2722, Figure 20, p. 43.

Figure 3.9 iRn-ZZZ' flux measurements at three locations in Area 2 (1981)

3-17

WLLFOIA4312 - 015 - 0172685



o N IE EE BN B En D bR B S BE B B B . |

Table 3.1 RMC radionuclide ina]yses of water samples
from the West Lake site taken by MDNR

'3

| in 1981
? Type of
Sample # sample* Gross alpha (pCi/1) Gross beta (pCi/1)
7001 S .11 22.5
7002 S 8.00 23.4
7003 S 1.56 9.88
. 7019 S 1.91 30.0
7025 S 1.56 36.5
7028 ) 45.2 87.8
17029 ) <0.64 <1.34
;7030 ) 0.52 35.1
7031 S 1.43 26.3
7004 B 1.04 19.7
7021 B 1.56 29.1
7027 B 1.04 32.5
7032 B <0.05 26.3
7033 B 1.04 29.0
7009 G 4.50 22.3
7010 G 2.60 15.2
7011 G 3.12 10.6
7012 G 7.10 16.6
7017 G 0.52 33.6
7018 G 6.76 36.1
7020 G 8.84 30.1
7026 G <2.0 38.9
2 G 15.0 41.0
G 2.9 7.6

See footnote at end of table.
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Table 3.1 (Continued)

l Type of

Sample # sample* - Gross alpha (pCi/1) Gross beta (pCi/1)
7013 L <3.0 1.30
7014 L <3.0 130
7015 L <3.0 103
7016 L <3.0 98.9
7022 L 3.45 107
7023 L <3.0 122
7024 L <3.0 86.7
7034 L <3.0 10.3
7035 L <3.0 84.5
7036 L <3.0- 69.6

1 L 7.3 80
4 L <3.0 26
‘ Type of :

Sample # sample* Ra-226 (pCi/1) K-40 (pCi/1)
7014 L <1.6 ‘ 138
7015 L 3.9 136
7016 L <l.6 98.9
7022 L 2.4 104
7028 S 1.6 124

*S = surface sample
B = offsite, background
G = groundwater from boreholes
L = leachate
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Table 3.2; Radiological quality of water inﬂperimeter monitoring wells of

- West Lake Landfill (concentratiods reported in pCi/1)

1

Well #  Ra-226  Gross alpha*

Gross beqa*

Gross alpha** (Gross beta**

18 - -

59 <3 3.2
60 - -

61 - -

62 <3 2.8
63 - -

65 <3 12.4
66 <3 4.3
67 <3 5
68 <3 18.2
5Ox%% <3 5

9.9

w

(™) ]
~NoOoOUMoOh W .\l

~ 00 W W = L3

12.5

20.5
2.7

1
UlNSAD
~Nhou

1.3

12.5

20.8
13.9

'
o~
wowm

8.1

*Samples taken November 15, 1983.

**Samples taken March 21, 1984, by UMC personnel, analyzed by Environmental
Health Lab of St. Louis County Health Department, Clayton, Missouri.

*x**Well #50 used as background.
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Table 3.3 Radionuclide concentrations in well water samples: May 7-8, 1986

Concentrations (pCi/1)

Radionuclide Well 50°  Well 51 Well 52 Well 53 Well 54 Well 55  Well 56
Gross é.-]':pﬁa;,ﬁ_-;-.-‘ 2.2 2.2 U T T | 4.4 - - a8 - - -57
Gross beta o . 7.5 4.4 7.5 16 14 14 12
--b -- -- 0.4 -- -- 0.2
-- -- -- 1.7 .- -- 0.3
-- -- - 22 -- -- 8.9
-- -- - 0.5 -- -- 0.3
w -- - - 0.9 - -- 0.9
= Th-232" -- -- -- 0.3 .- -- 0.8
Depth to water (m) 5.0 3.8 3.2 3.3 15.5 11.5 11.5

-
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Table 3.3 (Continued)

Concentrations (pCi/1)

s [ SR ’ . BT - :
Radionuclide - Well 58 - Well 59  Well 60  Well 61 = Well 62  Well 65  Well 66

Gross alpha, 58 i 4 33 56 35 18
Gross "Bita " Y5 46 19 14 10 7.4 9.9

Ra-22¢f 0.3 0.3 2.5 -- 0.8 -- --

Ra-228) 2297 o 1.6 -- 0.6 -- --
U-tot 1 13 25 19 -- 2.3 -- --
Th-226 " 0.6 0.5 0.5 -- 0.8 -- --

Th-2365% 1.5 0.2 4.4 -- 12 .- --

éc-¢

Th-232 & - S 0.7 0.1 0.1 -- 0.6 - --

Depth to water (m) 14.0 Not 3.5 4.5 . 4.2 1.9 1.9
¥ o determined
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Table 3.3 (Continued)

Concentrations (pCi/1)

Well 72 Well 73 Well 75 Well 76  Well 80

- - —~ 6.5 ~——- A~ - — 36 - ~—-0.:4

A 1.7 22 6.9 3.2
| 0.3 -- - --
0.9 -- - -

T | 16 -- 2.2
1.7 0.6 -- 0.3

- 6.7 12 -- 0.0

3 o “ 0.2 0.2 - 0.1
Depth to water @) . a4 ' 10.0 8.4 7.6 13.8 5.3
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Table 3.3 (Continued)

Concentrations (pCi/1)

Loy

_ Well 81 Well B2 Well 83 Vell 84 Well 87 Well 83 Well 89
Gross=al | S 18 17 9.0 13 1.5 11 3.7
Grossbit S ;iifs_-- } a7 18 27 7.2 18 9.1
o T o3 3.4 1.7 - 2.3 --
0.4 4.6 5.8 .- 0.2 .
" 13 : 1.6 9.0 -- 3.0 --
0.4 0.2 0.6 -- 1.1 --
o 1.8 0.4 1.3 - 1.5 --
= 0.3 1.0 1.1 -- 4.0 -
5.1 3.9 7.0 9.4 8.6 7.5
i%?
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Table 3.3 (Continued)

. Concentrations (pCi/l)

Sdff“ - Well 92 Well: 93 Well 94

R

e 303~ 7.8 L6- - - - . o

n- 2 9.9
1.6,
G,Q-.

0.8
0.7

6Z-t

1.6

W

ter (m) . 4. 4.7 2.1

Cag < o

Figure 2.5 for weil

ates. analysis not.per;
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Table 3.4 Radionuclide concentrations in Latty Avenue composite samples

Concentrations (pCi/gm)

 sample ~ U=235- - - - - U-238-- Th-232% .. Th-230 _ _ Th-228 _  Ra-226 Ra-228 Pa-231 Ac-227

Composite 1.0.3.6 £°0.3* 82%8  2.3+06 8/70+100 2.1+05 64+1 2.3+0.6 114¢£2 _ 205t 2

Composite 2'7': 4. 62+15 1.5%0.5 8950 +370 2005 501 1.5%05 11748 Not

Performed

Average 7249 1.9+ 0.4 8860 %19 2.14+03 57+1 19104 1161 4 205 & 2

*Based on R&-~228 and assumption of secular equilibrium of thorium decay series.
**Errors are 20 based only on counting statistics.

Source: Table 2 (Cole, 1981).
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4 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies

five acceptable options for disposal or onsite storage of wastes containing

Tow levels of;uranium and thorium (46 FR 52061, October 23, 198l1). Options 1-4
provide methods under 10 CFR 20.302, for onsite disposal of slightly contam- 4k;’f
inated materials, e.g., soil, if the concentrations of radioactivity are small
enough and other circumstances are satisfactory. "~ The fifth option consists of
onsite storage pending availability of an appropriate disposal method. Table

4.1 shows the radionuclide concentrations specified for the disposal options.

The material present in the West Lake Landfill is a form of natural uranium
with daughteré, although the daughters are not now in equilibrium. As
mentioned above, the average concentration of Ra-226 in the West Lake Landfill
wastes is abodt 90 pCi per gram, which (considered by itself) falls into
Option 4 of the BTP since Option 4 criteria are controlled by the Ra-226
content in the wastes (i.e., 200 pCi of U-238 plus U-234 per gram would be
accompanied by 100 pCi of Ra-226 per gram). However, because of the iarge
ratio of Th-230 radioactivity to that of Ra-226, the radioactive decay of the
Th-230 will increase the concentration of its decay product Ra-226 until

these two radionuclides are again in equilibrium. Assuming the ratio of
activities of 100:1 used above, the Ra-226 activity will increase by a factor
of five over the next 100 years, by a factor of nine 200 years from now, and
by a factor of thirty-five 1000 years from now. All radionuclides in the
decay chain after Ra-226 (and thus the Rn-222 gas flux) will also be increased
by similar multiples. Therefore, the long-term Ra-226 concentration will
exceed the Option 4 criteria.

4-1
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Table 4.1 Summary of maximum soil concentrations permitted

under disposal options

{ Source: 46 Federal Register 52061

Kind of material

Disposal options

Natural thorium (Th-232 + Th-228)
with daughters present and in
equilibrium.” (pCi/g)

Natural uranium (U-238 + U-234) .:
with daughters present and in
equilibrium. (pCi/g)

50 - 500
- 40 200

aBa_sed on'EPA uranium mil tailings cleanup standards.

bConcentrations based on limiting individual intruder doses to

170 mrem'per year.

CConcentration based on limiting equivalent exposure to 0.02 WL or less.

d

Concentrations based on limiting individual intruder doses to 500 mrem

per year'and, in cases of natural uranium, limiting exposure to Rn-222
and its decay product airborne alpha emitters to 0.02 WL or less. .
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5 REMEDIAL ACTION ALTERNATIVE CONSIDERATIONS

The radioactive material as it presently exists does not pose an {amediate
health hazard for individuals living or working in the area of the IandfiII.iK‘
However, there is a long-term potential for the radioactive material to pose a
health problem. Therefore, this section discusses six (A-F) possible courses
of action, of which all but A and D are considered temporary. Option A, in
which no rémedia] action is proposed, s unacceptable because the

concentrations of radionuclides in the landfill will become too high; Option A

describgd for comparison purposes gnly, Costs are based on the Dodge Guide
to Public Works and Heavy Construction, 1984. Jg

5.1 Option A: No Remedial Action

Under Optién A, no remedial work would be done on the West Lake site. The land-
fi11 and the radicactive soil would be left in their present condition. The
contaminated areas would be available for demolition fill emplacement and final
closure. It is not certain how much additional fill would be emplaced. Filling
would be followed by normal landfill closure operations.

Normal closure procedures consist of applying at least 0.61 m (2 ft) of com-
pacted finél cover. A 0.3-m (1 ft) layer of topsoil would be placed over the
cover and upgraded to support vegetation. Establishment of a;vegetative cover
would require seeding, liming, and fertilization. Surface seeps of leachate
would be eliminated. Maintenance of the monitoring wells would be required to
allow continued sampling by MDNR, should MDNR require such action. The public
would be discouraged from entering the site. After closure, a detailed descrip~
tion of thé site would be filed with the County Recorder of Deeds. This de-
scription would include: a legal description of the site, types and location
of wastes present, depth of fill, and description of any environmental control
or monitoring systems requiring future maintenance (MONR, January 1983). MDNR
regulations also specifically prohibit excavation or disruption of the closed
landfill without written approval of MDNR; no time frame is stated with this
regu]ation;(MDNR, 1975).

i
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There would be no further cost under this option since no remedial actions would
be taken; i.e., costs are normal landfill costs.

5.2 Option B: Stabilization on Site With Restricted Land Use

Two areas in' the landfill contain radicactive material. Therefore, the work
required for this option is described separately for each area. Never-
theless, restrictions would be imposed on the use of land within each area.
This would discourage future activities on these areas which might expose
individuals to radioactivity. No additional landfill would be permitted to be
deposited on: either area. :

Area 1

It is believed that a total of 2 to 3 m (7 to 10 ft) of soil has been added
to most of Area 1 since the 1981 land survey by RMC. This cover has altered
the radiation environment of the site. Measurements by Oak Ridge Associated
Univefsitiesi(ORAU) personnel in March 1984 (Berger) showed that only a very
small area exceeded the exposure rate of 20 pR/hr at 1 m. By extending the
cover 20 m (66 ft) outward in all directions from the area showing an.unaccept-
ablé surface exposure rate, the shallow wastes likely to give high rates of
radon emanation will also be covered. The amount of radiocactive debris in
Area 1 is relatively minor compared with that present in Area 2. Therefore, af
_soil cover of 1.5 m (5 ft) is considered adequate to reduce surface exposure
rates and radon emanation. After the soil cover is in place, a layer of
topsoil.0.3 m (1 ft) thick would be emplaced, seeded, and mulched.

Area 2

Vegetation over Area 2 as well as on the slope of the berm would be cleared and
placed in the demolition portion of the landfill or disposed of as is convenient.
Brush should not be left in place and covered since this may reduce the integrﬁty

of the soil cap. Grass should be mowed, and may be left in place.

The berm on the northwest portion of the landfill which contains an estimated
7,500 m3 (9,800 yd®) of contaminated soil would be excavated and redeposited in

5-2
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layers in a secure portion of the landfill. The actual amount can be determined
by survey during implementation of the work.

Al equipmentfand materials now stored over Area 2 would be removed to other
portions of the site or disposed of as is convenient to the owners. Gravel
piles found on Area 2 should be removed to other portions of the site after
having been surveyed to ensure that contaminants have not been mixed with the
gravel. However, the lower 10 to 15 cm (4 to 6 in.) of rock should be left in
place and covered with the soil cap, since this gravel may have become mixed
with contaminated soil.

Such stabilization would place the contaminated soil well below the surface and
would prevent ‘radiocactive materials from eroding as can now occur along sections
of the berm. 'Stabilization would require emplacement of a soil cover of 48,000 m3
(63,000 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil at the top
of the berm. ‘At least 1.5 m (5 ft) of soil cover would be used, as this much
soil will be required to reduce radon gas exhalation. The final slope of 3:1
on the berm would be shallow enough to prevent failure and, after the cover is
emplaced, it should be further covered with at least 0.3 m (1 ft) of topsoil

and seeded with native grasses to prevent erosion. The slope would be directed
radially outward from the center of the cap. An interceptor ditch would be
provided around the cap to channel runoff and prevent gullies from being cut
into the stabilized cover. The cover soil presently used in the landfilling
operations may be used to stabilize the berm. This soil is;a clay silt (loess)
excavated near the West Lake Landfill site.

The portion of Area 2 to be covered by the soil cap includes that portion of
the landfill identified in the RMC survey as having surface exposure rates
greater than 20 pR/hr at 1 m (3.3 ft) above ground level, along with those
areas in which auger holes revealed radium-bearing soil within 1 m of the sur-
face. The shallow contaminants may be sufficiently shielded to produce low |
surface exposure rates; however, these shallow deposits will still produce
radon emanations greater than the desired level of 20 pCi/m?s. Therefore, the
soil cover must be extended over these areas of shallow contamination.
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The cover sdi] used should be capable of compaction to a permeability of less
than 10-7 cd/s in order to keep radon release and soil leaching as low as pos-
sible. This value is based on common practices used for sealing of hazardous
waste landfills. Because accurately measuring permeability of this magnitude
is difficulﬁ, the value of 10-7 cm/s should be used only as a target cri-
terion which should, if possible, be bettered. If'1aboratory testing of the
cover soil hresentIy used at the West Lake Landfill indicates that this perme-
ability can!be achieved, this soil would be acceptable for use as the soil cap.

Otherwise, ¢1ay soil would have to be imported from off the site to be used in
constructing the soil cap. '

|
The overall:estimated cost for the required work under Option B is approximately
$360,000 (Table 5.1) and would require about 2 months to complete. Costs of this

option may be higher if the total quantity of contaminated material to be moved
is higher than the estimated quantity.

5.3 Option C: Extending the Landfill Off Site

Soil erodingion the northwest berm of Area 2 is carrying contaminated soil off
the 1andfi]1;property onto an adjacent cultivated field. A contributing factor
to the erosibn is the steepness of the berm. It would, therefore, be desirable
to lessen thé slope's steepness by extending the berm onto the adjacent field.
This option would require the acquisition of approximately 2 ha (5 acres) of
land not owned by the landfill company.

In this option, Area 1 would be treated the same as in Option B. The contamin-
ated portion of the northwestern berm of Area 2 would not be disturbed. Instead
the existing berm would be extended 13 to 16 m (42 to 52 ft) onto the adjacent
field. This would require an additional solid volume of approximately 20,200 m3
(26,400 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil on top of
the berm. As in Option B, this cover should receive an additional 0.3 m (1 ft)
of topsoil ahd be seeded with native grasses to prevent erosion.

This option will require the relocation of three transmission poles. All other
necessary work for Option C is as described for Option B.
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The overall estimated cost for required work under Option C is approximately
$470,000 (Tap]e 5.2) and would require about 2 months to complete. The extent
of work required under this option is well defined.

5.4 Option D Removing Radioactive Soil and Relocating It yi/;y/ *

This option would involve excavating and removing all contaminated soil and

debris from the West Lake Landfill and relocating it to an authorized disposal
facility.

Vegetation over Areas 1 and 2 would be cleared and placed in the demolition
portion of the West Lake Landfill.

AN equipmenthtored on the two contaminated areas would be removed to another
portion of the site. Gravel piles in Area 2 should be removed. The lower 10 to
15 cm (4 to 6lin.) of rock should be left in place to be disposed of with other

contaminated materials, since this gravel may have become mixed with contaminated
soil at the sQrface.

The areas known to contain radioactive contamination at levels above the action
criteria (20 pR/hr at 1 m) would be excavated initially. Next, the excavated
area would be surveyed to determine the extent of contamination remaining. Ex-
cavation would continue until unacceptable levels of contamination have been
removed. Immédiately after excavation, the soil would be placed in 208-1iter
(55 gal) approved drums (or other approved containers) for transport. Contain-

ment in the drums will prevent the spread of dust and loose soil during
transport.

Some of the nonradiological hazardous material known to be present in the
landfill could present a serious danger to workers should they excavate into
this material. Proper precautions should, therefore, be taken as the work is
being performed. |

Estimated costs under Option D would be $2,500,000 (Table 5.3). Transporting
the contaminated soil to another site and emplacing the material there would
significantly add to the cost. This option could be completed in about

5-5

WLLFOIA4312 - 015 - 0172701



3 months, broviding that a suitable disposal facility were available to receive
the contaminated waste. '

5.5 Option E: Excavation and Temporary Onsite Storage in a Trench

Under thisioption, as much radioactive soil would be excavated as in Option D
and would be placed in a specially prepared trench on the West Lake site but
would not be‘pTaced in drums. This trench would become a temporary repository
for the raﬁioactive soil. The trench would be surrounded by an impervious clay
liner to mjnimize leachate production and transport into the groundwater system.

The cap should give acceptable rates of surface exposure and acceptable rates
of radon gas release.

As under Oétion D, surface vegetation, machinery, and piles of crushed rock
would be removed from the surface of areas to be excavated. Design of the
trench is based upon the "secure landfill concept” (Shuster and Wagner, 1980)
with threeiprimary functions: eliminate direct gamma-ray exposure at the ground

surface, reduce radon emanation, and prevent leaching of radionuclides to the
groundwater system.

The excavated area would be cut to a maximum elevation of 140 m (460 ft) ms}
over the atea to be covered by the trench. The base of the trench would cover
an area 120 x 120 m (394 x 394 ft) and would have a negligible slope. Low spots
would be fﬁ11ed with borrow soil* compacted to at least 90% of its standard |
Proctor density (SPD). Once the base for the trench has been leveled to a
final elevation of about 140 m (460 ft) msl, a blanket of borrow soil at least
1.5 m (5 ft) thick compacted to at least 90% SPD would be emplaced. Specifica-
tion of compaction of this underlayer is based on the requirement of avoiding
subsidence iwhich could cause the clay liner to crack and fail. A clay liner
would be placed'above the underlayer. The liner would be 0.5 m (1.6 ft) thick
and would ﬂave a permeability less than 10-8 cm/s (4 x 10-® in./s). An
impermeablé plastic liner could also be used.

*Borrow_so{X refers to a clayey-silt loess (Soil Conservation Service type CL)
excavated southeast of the site for use as daily cover in the landfilling
operation. :
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Sides of the trench would be built at a 3:1 slope up to the level of the surround-
ing undisturbed landfill surface, about 143 m (470 ft) ms1. The walls would
consist of an underlayer and liner as described for the base. A layer of
crusher-run limestone 0.5 m (1.6 ft) thick would be placed on top of the liner

to allow leachate buildup in the trench to be monitored and to facilitate pump-
ing should Teachate buildup become a problem.

After the base and walls of the trench have been built, the previously exca-
vated debrisiwou]d be placed in the trench. Then the remaining radioactive
debris would be excavated and placed in the trench. As excavation proceeds, it
will become apparent how much volume the trench must have to contain all the
contaminated soil. At this point, the walls of the trench would be raised to
an appropriate level. Excavation and filling can then proceed until the work
is complete. ' The final thickness of debris is expected to be from 4 to 6 m

(13 to 20 ft).

A cover, as described below, would be placed over the debris. A 1 m (3 ft)

layer of borrow soil compacted to 90% SPD will be placed over the debris. A

clay liner 0.5 m (1.6 ft) thick of permeability less than 10-8 cm/s (4 x

10-° in./s) would be placed over the borrow soil blanket. A 0.5-m (1.6-ft) layer
of crusher-run jimestone would be placed over the clay layer to prevent
infiltration water from building up over the liner. A cover soil layer of
average thickness about 2 m (7 ft) would be placed over the rock layer.

The cover soi} would be compacted and built with a surface slope of from 2¥ to.
4% to minimize erosion. Three-tenths of a meter (1 ft) of top soil would be
placed over the cover layer and would be seeded and mulched to establish a vege-
tative cover. '

Once the trench has been prepared to accept the soil, workers may begin to
excavate contaminated soil. As under Option C, an initial excavation would
remove the area of known contamination, and a cleanup phase would remove all
soil containing radionuclide concentrations above an action level of 15 pCi/g
Ra-226. As soon as the soil has been excavated, it would be hauled to the
trench and emplaced. The contaminated soil should be sufficiently compacted to
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prevent sett]ing, to maintain the integrity of the soil cap. As fill is being

emplaced, the pipe for a monitoring well would be extended upward from the base
of the gravel underdrain. This well should be designed in a manner that would

allow futur¢ installation of a pump for drawing off leachate should this become
necessary.

Costs for Oﬁtion E would be approximately $2,150,000 (Table 5.4). The estimated
costs vary somewhat, since the exact limits of excavation cannot be defined until
work begins. This work would require approximately # months to complete.

5.6 Option F: Construction of a Slurry Wall to Prevent Offsite Leachate
Migration '

Under Option F, radioactive soil would be left in place at the West Lake site.

The wastes would be stabilized by means of a soil cover (as under Option B) and

a downgradient slurry wall would be built around the contaminated soil. The
slurry wall 'would be intended to keep leachate from migrating off site. This
remedial action would be somewhat more effective than Option B in reducing the
potential for groundwater contamination. However, costs incurred would be
substantially higher than those for Option B or C. Benefits would be-’nearly
identical to those derived by the soil cover and berm stabilization alone; the
sole advantage of Option F over Option B or C would be greater protection to
groundwater‘in the Missouri River alluvium. | Af

Vegetation, machinery, and piles of crushed rock would have to be removed as
described for Option B. A slurry wall would be constructed by excavating a
trench [approximately 1 m (3.3 ft) wide] to the depth of bedrock. This trench
would be_bofed out in'the presence of a mud weighted with bentonite (clay) to
keep the walls from collapsing and to keep groundwater from intruding into the
trench. The trench would be excavated in sections 6 to 8 m (20 to 26 ft) long.
Once a section of trench has been excavated, concrete would be poured by tremie
into the trench to displace the slurry. The final siurry walls would each
consist of a concrete slab about 1 m (3.3 ft) thick extending to bedrock and
partially.encircling the bodies of radioactive soil in both Areas 1 and 2. A
total of approximately 1300 linear meters (4,300 ft) of wall would be con-
structed to depths varying from 5 to 15 m (16 to 50 ft).

5-8
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After each of 'the slurry walls had been emplaced, fill would be added along the
face of the bérm to stabilize the slope. Finally, a soil cover would be placed;
over the contaminated areas. The berm would be stabilized and the soil cover
would be placed as outlined for Option B.

Costs of work ‘required for Option F would be approximately $5,600,000 iﬂ%
(Table 5.5). The exact amount of slurry wall cannot be determined until work

is begun; therefore, this cost will be highly variable. Since the walls should
extend to bedrock, the depth of soil and landfill debris will govern the depth
of the required wall. Slight errors in estimating the depth of alluvium could
result in large errors in the cost estimate. It is estimated that {1t would

take 6 to 8 months to complete this option.

5-9
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Table 5.1 Itemized cost of remedial action, Option B

Item Quantity Unit price Cost Reference
Clearing;and grubbing 2.9 ha $1850/ha $ 5,365 x
Remove Shuman Building ~- - $ 6,200 %X
Excavate contaminated 7500 m3 $10/m3 $ 75,000 t
soil and redeposit
it at a secure site
Emplace Soi] cover 48,000 m3 $4.64/m3 $222,720 t
Bury clean rubble 225 m®  $12.50/m3 § 2,812 t
Seed and.mulch cover 3.3 ha  $2165/ha  §_ 7,145
.Subtotal $319,242
Contingency @ 10% ' 31,924
Engineering and legal 15,962
fees @ 5%
Estimated total cost $360,000" "

~ *Dodge Guide to Public Works and Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri,”" NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

tBased on best estimated cost.
t+tAdjusted for deletion of building removal.

5-10
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Téble 5.2 1Itemized cost of remedial action, Option C

Item ! Quantity Unit price Cost Reference

Clearing and grubbing 2.9 ha $1850/ha $ 5,365 *

Remove Shuman Building -- -- $ 6,200 RX
Relocate power 3 $2060 $ 6,180 t
transmission poles
Stablize berm (fill) 20,200 m® $6.70/m3 $135,340
Emplace soil cover 48,000 m® $4.64/m? $222,720 t
Bury clean rubble 225 m®  $12.50/m3 $ 2,812 ¢
Seed and mulch cover 3.3 ha  $2165/ha $ 7,145 *
Subtotal $385,762
Contingency @ 10% 38,576
Engineering and legal 19,290
fees @ 5%
Land acquisition 2 ha $15,500/ha  _ 31,000
Estimated total cost $470,000

" *Dodge Guﬁde to Public Works and Heavy Construction, 1984.

*XFord, Baton and Davis Utah, Inc., “Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri,” NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been remdved.)

tBased on best estimated cost.

1
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Table 5.3 Itemized cost of remedial action, Option D

Subtotal
Contingency @ 10%

Engineering and legal
fees @ 5%

Estimated total cost

Itemf Quantity Unit price Cost Reference
‘Clearing and grubbing 2.9 ha $1850/ha $ 5,365 *
Renove Shuman Building -- -- $ 6,200 **
Bury clean rubble 230 m® $12.5/m3 $ 2,875 ¢t
Excavate contaminated soil 70,000 m® $5.25/m3 $ 367,500 ft,tt
Site decontaﬁination 57,600 m®  $1.4/m? $ 38,640 *x*
Packing waste for transportation 70,000 m3 $25/m3 $1,750,000 %

$2,170,580
217,058

__108,529

$2,500,000%**

*Dodge Guide to Public Works and Heavy Construction, 1984.

*xEord, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, M1ssour1 o NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type bux]dxng has already been removed.)

**x*No costs have been included here for moving the waste, for emplacing it and

for disposal facility users fees.
tBased upon best estimate.

ttEstimated quantity of soil having Ra-226 concentrations of 15 pCi/g or more.
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Table 5.4 Itemized cost of remedial action, Option E

Item Quantity Unit price Cost Reference
Prepare securé trench 80,000 m®  $9/m3 $ 720,000 @ *
Clearing and grubbing 2.9 ha $1,850/ha $ 5,365 x
Remove Shuman;bui1ding $ 6,200 R
Bury clean rubble 230 m3 $12.5/m? $ 2,875  *
Excavate contaminated 70,000 m3 $5.25/m?3 $ 367,500 x
s0i1 : i
Site decontamination 27,600 m®  $1.40/m3 $ 38,640 t
Emplace contaminated 70,000 m®  $10.3/m3 $ 722,200 %
soil
Monitoring well --- --- $ 6,000 *
Seed and mulch cover 0.08 ha $2,165/ha $ 200 t
Subtotal $1,868,980
Contingency @ 10% 186,900

Engineering and legal
fees @ 5%

Estimated total cost

93,450

$2,150,000

* Dodge Guide to Public Works and Heavy Construction, 1984.

**Eord, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

1 Based on best estimate.
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‘Table 5.5 Itemized cost of remedial action, Option F

Item ; Quantity Unit price Cost Reference
Clearing and.grubbing 2.9 ha $1,850/ha $ 5,365 *
Remove Shumaﬁ building $ 6,200 ale
Relocate power 7 poles $2,060/@ $ 14,420 t
transmission poles
Construct s]ﬁrry wall 11,000 m2 $402/m? $4,422,000 *
Stabilize be+m 20,200 m® $6.70/m? $ 135,340 t
Emplace soi1icap 48,000 m®  $4.64/m® $ 222,720 t
Bury clean rubble 225 m3 $12.5/m3 $ 2,812 t
Seed and mulch cover 3.3 ha $2,165/ha $ 7,145 x
Subtotal . $4,816,002
Contingenc¥ @ 10% 481,600
Engineering and legal 240,800
fees @ 5%
Land acquisition 2 ha $15,500/ha 31,000

.Estimate& total cost $5,600,000

*Dodge Guide to Public Works and Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri,” NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

tBased on best estimate.
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ABSTRACT

An aerial radiological survey to measure terrestrial gamma radiation was carried out over the Mallinckrodt
Nuclear Maryland Heights Facility during October 1977.

At the same time the loliowing properties were also surveyed: a parcel near 9200 West Latty Avenue, which
included a portion of St. Louis International Airport; and land used by West Lake Landlfiil, inc., whichis 8km
northwest of the airport.

Gamma ray data were collected by flying paralle! lines 60 m apart. The total area surveyed over the three
sites was 7.4 km2,

Processed data indicated that detected radioisotopes and their associated gamma ray exposure rates were
consistent with those expected from normal background emitters, except at certain locations described in

this report. .

Average exposure rates 1 m above the ground, as calculated from aerial data, are presented in the form of
an isopleth map. No ground sample data were taken at the time of the aerial survey.
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1.0 INTRODUCTION

The United States Department of Energy (DOE)
maintains an aerial surveiliance operation called
the Aerial Measuring System (AMS).° AMS is
operated for DOE by EG&G. This continuing
nationwide program, started in 1958, involves
surveys to monitor radiation levels in and around
facilities producing, utilizing, or storing
radioactive materials. The purpose of the survey

- is to document, at a given point in time, the

.

location of all areas containing gamma emitting
radioactivily (visible at 'the surface), and to aid
tocal personnel in evaluating the magnitude and
spatial extent of any radioactive contaminants
released into the environment. At the request of
DOE, orother federal and/or state agencies (such
as the United States Nuclear Regulatory
Commission), AMS is déployed for various aerial
survey operations.

AMS was utilized during the period 22-28
October 1977 to radiometrically survey an area
1.6 km? centered on the Mallinckrodt Nuclear
Maryland Heights Facility. Also surveyed was an
area 3.2 km? surrounding 9200 West Latly
Avenue, which included a portion of the St. Louis
International Airport. Athird site surveyed was a
2.6 km2 area centered on property operated by
West Lake Landfill, Inc., 8 km northwest of the
airport,

The St. Louis International Airport was the survey
base of operation. :

2.0 SURVEY AREA HISTORY
AND LOCATION

The Maliinckrodt Nuclear Maryland Heights
Facility is located at 2703 Wagoner Place, St.
Louis, Missquri. This plant receives
radioisotopes from various vendors and converts
them to radio pharmaceutical materials. Radio-
isotopes which they handle include 1314, 99"Tc,
Mo, 75Se, and %9Fe. Mallinckrodt Nuclear is a
Division of Mallinckrodt, Inc. (formerly,
Mallinckrodt Chemical Works). Mallinckrodt, Inc.
acquired the Maryland Heights facility from

‘Nuclear Consultants, Inc. in 1965.

It is reported in an ORNL report? and a NRC
report? that during the period 1942 through the
late 1950's Mallinckrodt Chemical Works of St.
Louis processed uranium ore. Some of the ore

“Formerly Aerial Measuring Systum (ARMS).

In January,

residues and processed wastes were stored on
the airport property.

in early 1966 these ore residues and uranium-
bearing processed wastes were moved {rom the
airport property by the Continental Mining and
Milling Company of Chicago, lllinois to the Latty
Avenue site.

1967 the Commercial Discount
Corporation of Chicago, lllinois purchased the
residues; much of the material was then dried and
shipped to the Cotter Corporation facilities in
Canon City, Colorado. The source material
remaining at the Latty Avenue site was sold to the

- Cotter Corporation in December, 1969. Records

indicate that residues remaining on the site at that
time included 74.000 tons of Belgian Congo
pitchblende raffinate containing about 113 tons
of uranium; 32,500 tons of Colorado raffinate
containing about 48 tons of uranium; and 8,700
tons of leached barium sulfate containing about 7
tons_of uranium. During the' period August
through November, 1970 Cotter Corporation
dried some of the remaining residues and
shipped them to their mill in Canon City,
Colorado. By December, 1970 an estimated
10.000 tons of Colorado raffinate and 8,700 tons
of leached barium sulfate remained at the Latly
Avenue site.

In April, 1974 a NRC inspector was informed that
the remaining Colorado raffinate had been

shipped in mid-1973 to Canon City without
drying ano that the leached barium sulfate had

been transported to a landhill area in St. Louis

County. Areported 12to 18inches of topsoil had

been strinped from the Latty Avenue site: this
supposedly had been removed with the leached

barium sulfate.. However, analyses of soil
samples taken during a NRC investigation of the
Latty Avenue site in 1976 indicated the presence -
of uranium- and thorium-bearing resigues.

The West Lake Landfill property is located off St.

Charles Rock Road near Taussig Road,

approximately 8 km northwest of the airport.

3.0 SURVEY METHOD AND
AIRBORNE EQUIPMENT

An enlarged aerial photo of each site was used to
lay out the survey flight lines (Figures 1, 2, and
3). The navigator visually directed the aircraft

<Z.
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Figure 3. FLIGHT LINES: WEST LAKE LANDFILL

WLLFOIA4312 - 015 - 0172721



along the programmed flight lines on the
photograph. The survey pattern consisted of
parallel iines at 60 mintervals. Flight altitude was
60 m. ’

A Hughes H-500 helicopter was utilized for the
survey (Figure 4}. The H-500 carried a crew of
two: pilot and navigator. The helicopter
employed a lightweight version of the Radiation
and Environmental Data Acquisition and
Recorder system (REDAR}. Two pods were
mounted on the sides of the helicopter: each pod
contained ten 12,7 cm diameter by 5.1 cm height
Nal(T!) detectors. Gamma ray signals from the
20 detectors were summed and routcd through
an analog-1o0-digital converter and a puisz-height
analyzer. Gamma spectra were accumulated in
3-second intervals and recorded on 1/2 inch
magnetic tape.

The helicopter position was established with two
systems: a Trisponder/202A Microwave iianging
System (MRS), and an AL-101 radio
altimeter. The trisponder master station

’

r-

Figure 4. 'HUGHES H-500 HELICOPTER CONTAINING THE REDAR SYSTEM -

mounted in the helicopter interrogated two
remote transceivers mounted on towers outsid:
the survey area. By measuring the round trip
propagation time between the master and remote
stations, the master computed the distance to
each. These distances were recorded on
magnetic tape each second; in subsequent
computer processing these were converted to
position coordinates.

The radio altimeter similarly measured the time
lag for the return of a pulsed signal and converted
this to aircraft altitude. For altitudes up to 150 m,
the accuracy was * 0.6 m or = 2%, whichever is
greater. These data were also recorded on
magnetic tape so that any variations in gamma
signal strength caused by altitude fluctuation
could be accurately compensated.

The detectors and electronic systems which
accumuiate and record the data are described
only briefly here. They are described in
considerable detail in a previous report.?

1
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4.0 DATA PROCESSING

Data processing was done with the Radiation and

system (REDAC). This is a computer analysis
laboratory mounted in a mobile van (Figure 5).

REDAC consists primarily of two Cipher Data
tape drives, a Data General NOVA 840 computer,
two Calcomp plotters, and a Tektronics CRT
display screen. The computer has a 32 k-word
core memory and an additional 1.2 x 108-word
disc memory. An extensive collection of
software routines is available for data processing.

The gross count data were corrected for system
dead time and altitude deviation. Corrections to
the gross count rates were also made for
contributions from radon, aircraft background,

gEnvironmental Data Analyzer and Computer

11

and cosmic rays. Flights over the Missouri River
were used for this purpose.

The corrected gross count rates were converted

. to exposure rates at 1 m altitude, with the factor

024 counts per second (cps) per uR/h obtained
from calibration data over a Nevada test range.

5.0 DISCUSSION AND RESULTS

Analysis of the radiological data taken over the
area surrounding each of the sites discussed in
this reéport indicates that the terrestrial
sadioisotopes and associated gamma ray
exposure rates were consistent with the natural
background normally found within areas having a
similar geological basis. These background
exposure rates were in the 8-11 uR/h range,
including 3.7 uR/h due t0 cosmic rays.

S a. bem s / i - —--‘--L—;—-&/"“‘- !

" Figure & MOBILE COMPUTER PROCESSING LABORATORY

! o |
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5.1 Mallinckrodt Nuclear.

Figure 6 presents gross count rate isopleths
superimposed on an aerial photograph of the
Mallinckrodt Nuclear Maryland Heights
Facility. The isopleths shown in this figure are
consistent with the existence of point sourcesin a
storage room which has heavily shielded walls at
the ground level but a lightly shielded roof. Due
to this dilterence in' shielding the aerially

- determined isopleths are not representative of

what would be measured on the ground. For this

13

reason, and bccause conversion factors apply
only to uniform horizontal distributions at the
ground level, the letter labeis in Figure & have not
been converted to exposure rates at the 1 m level.

Figure 7 is a background-subtracted energy

spectrum of the radiation from the area of
increased activity. Photopeaks observed are 364
keV and 637 keV from 131}, 740 keV and 780 keV
from 95Mo, and 1.095 MeV and 1.292 MeV from

59Fe. All three of these isotopes are received by

the Facility for processing.
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Figure 7. BACKGROUND-SUBTRACTED ENERGY SPECTRUM: MALLINCKRODT NUCLEAR SITE
This spectrum characterizos the enhancod aclivity observed in Figure 6.
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5.2 Latty Avenue and Airport

prgqure 8 presents the exposure rate isopleths
superimposed on an aeral photograph of the
site. Figure 9is abackground-subtracted energy
spectrum of the radiation characteristics of both
areas of increased activity. Radiation from 2'4Bi
accounts for all the major photopeaks observed.

This isopleth map {Figure 8} is based on gross
counts (integral counts in the energy region

between .05 MeV and 3 MeV). The factor used to
convert these counts to the exposure rate atthe 1
m level was determined from measurements at a
calibration site containing a typical mix of
naturally occurring radionuclides. Since the
spectrum shown in Figure 9 is different from a
typical natural spectrum, the ccnversion factor
may be in error. The isopleths, which represent
ground level exposure rates for distributed
sources, are consistent with sources whose
lateral dimensions are a few hundred feet.

1.0

+16'
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. 3

-’

i i
T L

+.D +ls i.o

L
1 4

e
-n ¢
-

1.5 2.9 2.5 3.0

ENERGY (MEVD

Figure 9. BACKGROUND-SUBTRACTED ENERGY SPECTRUM: LATTY AVENUE )
This spectrum of gamma radialion was characterstic of the areas of increased activity at Latly Avenue and the airport as

shown in Figure 8
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5.3 West Lake Landfill

Figure 10 presents the exposure rate isoplelhs
superimposed on an aerial photograph of the
site. Figure 11 is a background-subtracted

enargy spectrum of the radiation characteristic ¢
both arcas of increased activity. Radiation fros
214Bi accounts for all the major photopeak
obsarved.
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* Figure 11. BACKGROUND-SUBTRACTED ENERGY SPECTRUM: WEST LAKE LANDFILL
Photopeaks shown here charactorize both areas of enhanced aclivily in Figure 10.
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A

SEPA

POTENTIAL HAZARDOUS WASTE SITE

TENTATIVE DISPOSITION

REGION |SITE NUMBER

MQDN799010932

VIT

File this form in the regional Hazardous Waste Log File snd submit a copy to: U.S. Eavironmental Protectiona Ageacy; Site Tracking
System: Hazardous Waste Enforcement Teask Force (EN-335), 401 M St, S¥; Washington, DC 20460.

I. SITE IDENTIFICATION

A, SITE NAME A. STREET ) )
Westlake Landfill 13570 St. Charles Rock Rd.

c.cITY 0. STATE €. ZIP CODE
Bridgeton Mo . _ 63044

IL TENTATIVE DISPOSITION

Indicate the recommended action(s) and agency(ies) that should be involved by markiag ‘X* {n the approoriste boxes.

RECOMMENDATION

ACTION AGENCY

MARX " X"

LOCAL 1{Pmivare

A. NO ACTION NEEDED — NO HAZARD

STATE

B. INVESTICATIVE ACTION(S) NEEDED (If yees, complete Section lIl.)

C. REMED!AL ACTION NEECED (/f yes, complete Saction [V.)

I8 anticigated.)

ENFORCEMENT ACTION NSEDED (/f yoe, apecily in Part E whother the csse will
D. be primarily managed by the EPA or the State and whot type of enforcemant sction

E. RATIONALE FOR DISPOSITION

migration of these components is apparent.

Dioxin has not been discovered at this site in any of the sampling efforts, nor does thers
appear to be a problem with any of the 'standard' hazardous wastes. There is strong
evidence of radioactive components above acceptable limits in the landfill. No ofj-site

Strategy for this site is uncertain.

1

U

(pro.. dey, & yr.)

F.INDICATE THE ESTIMATED DATE OF FINAL DISPOSITION

G. |F A CASE DEVELOPMENT PLAN 1S NECESSARY, INOICATE THE
ESTIMATED DATE ON WHICH THE PLAN WILL BE DEVELOPED
(10, doy, & yr.)

H. PREPARER INFORMATION
1, NAME

2. TELEPHONE NUMBER

3. DA TYE (mo., day, & yr.)

NEEDED AODITIONAL INFQ.

{mo,dsv, & ye)

tractor, State, etc.)

MANHOURS

Steven Kinser 913-236-2856 11-06-85
JII. INVESTIGATIVE ACTIVITY NEEDED
A. IDENTIFY ADDITIONAL INFORMATION NEEDED TO ACHIEVE A FINAL OISPOSITION.
See Above.
8. PROPOSED INVESTICATIVE 'ACTIVITY (Detelted Informaetion)
2.SCHEDULED 3. 70 BE
DATE OF PERFORMED BY 4,
1.METHOD FOR OSTAINING ACTION (EPA, Con- ESTIMATED S.REMARKS

8. TYPE OF 3ITE INSPECTION
{03

(¥ 1)

prems .| e e —— em—

31
Z

TeERFONDT T

b. TYPE OF MONITORING

(3]

Py 120

C. TYPEZ OF 3AMPLING

wWaM 004

CPA Farm 120704 (10-77)

Exhibt 14- G

Continue On Raverse

WLLFOIA4312 - 015 - 0172732



NAME OF FACILITY

DIVISION OF ENVIRONMENTAL QUALITY
LABORATORY SERVICES PROGRAM

REPORT OF SAMPLE ANALYSIS
LANDFILL MONITORING PROJECT

West Lake Landfill

Page 1of 2

- MISSOURI DEPARTMENT OF NATURAL RESOuxCE

SAMPLES COLLECTED BY _ Mike rincoln DATE(S) __10-1-80
*  NOTE:
SAMPLE DESCRIPTION Well #41 well #40 Hahn Farmhouse Well
I DATE COLLECTED - 10-1-80 10-1-80 10-1-80 - .
SAMPLE NIRMBER 80-7418 80-7419 80-7420
6.7
pH Units 6.3 6.7
Specific Cond. (umhos/cm 4000 1450 1000
@ 259 ¢) .
llligranis per liter - ;
BOD £12 e 22 T T se
cop 19.6 25.8 ——--90.9
HH, as N 0.31 0.09 0.15
NO3+\02 as_ N 3.00 < 0.05 0.47
=Total P 0.07 0.03 - 0.03
Total Sulfide £0.1 < 0.1 < 0.1
.T0C 63.1 37.6 67..3
Total Cyanide 0,01 < 0.01 <. 0.01
Non-Filterable Residue (SS) - 126 162 300
Filterable Residue (TDS) 2744 839 496
kalinity as CaCOj 690 -500 360
luoride 0.17 . 0.19 — .- =—————...___0.61
g Chloride 22D ¥ - 250" 7.07 .0
lfa:e 1100 177 44
rdness as CaC0; (Ca, Mg, Fe, 2450 592 399
Zn, Mn) 6
Potassium, Dissolved 12.3 7.6 9
odium, Dissolved 268 33.8 6.1
clum, Dissolved - 429 466 122
Magnesium, Dissolved 93 43 23
'crograms per liter :
dunfum, Dissolved 10 7.2 0.6 0.1
hromium, Dissolved L5 : £5 = 5
Copper, Dissolved s 5 <1
zron, Dissolved , mg/1 | * 2.08 . 2.82 3.13
'ead » Dissolved 9O 4 . - 3 . 2
Manganese, Dissolved = O * 670 1310 770
ercury, Dissolved ONS* oNS* ONS*
':senic ¢ Dissolved .. . L5 A 5
lver, Dissolved - 0 '
®Quantity not .suff.lczent e \ -4 E"h'bl‘” "'{"‘H 0 “ WO[‘/\ DD

ren _£0/€_¢€_an N p AL
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I _ Page 2of 2
MISSOURI DEPARTMENT OF NATURAL RESOURCES
DIVISION OF ENVIRONMENTAL QUALITY
. LABORATORY SERVICES PROGRAM
I REPORT OF SAMPLE ANALYSIS
. LANDFILL MONITORING PROJECT
' NAME OF FACILITY West Lake Landfill
. SAMPLES COLLECTED BY _ mike Lincoln DATE(S) __10-1-80
I NOTE:
SAMPLE DESCRIPTION - Fox Fish Market Well = Shallow Well @ Bob's Auto Parts
l DATE COLLECTED - 10-1-80 10-1-80 . .
SAMPLE NUMBER 80-7421 89-7422
tl{ Units 6.6 6.6
pecific Cond. (umhos/cm 950 1900
@ 25° C) < s
lligrams per liter e T e o
0D L 12 <12
oD 4.3 12.1
4 8s N 0.37 0.23
NO3+NO, as N <. 0.05 « 0.05
[otal P X 0.21 0.43
otal Sulfide - 0.1 0.1 .
TOC - 18.0 35.7 3
'otal Cyanide * . «0.01 £.0.01
on-Filterable Residue (SS). 11 38
Filterable Residue (TDS) 492 - .918
'1kalin1t:y as CaCO, 396 580
luoride 0.42 0.22
Chloride 7,07 7T T —112
ulfate 63 174
rdness as CaC03 (Ca, Mg, Fe, 394 623
Zn, Mn) .
tassium , Dissolved 3.8 10.3
dium, Dissolved 28.4 54.5
8lcium, Dissolved . 110 187
Magnesiym, Dissolved ' 29 . 38
i
fcrograms per liter ) .
tdmium, Dissolved 0.2 0.7 :
romium,” Dissolved -5 <5 .
Copper , Dissolved 4 . 3 -
'lon, Dissolved, mg/l 4.18 . 18.6
ad, Dissolved 2 N 4 . .
+ [}
Manganese , Dissolved 250 790 i
reury , Dissolved - QNS* ONS* i
ckel , Dissolved -20 < 20 . '
Zinc , Dissolved, mg/1 0.02 1.39
jlEsenic , Dissolved <5 ~<5
lver , Dissolved 0.2 0.3
'Ouantity not suff.zcient .'

! i
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...\.—Js”
.‘\‘.

.\../ Wi

an\v
... E. i

s o iy

LN, g 1 e . . .. .
e e amaE emdE e e am

WLLFOIA4312 - 015 - 0172735



ZUSN

(L
il Ii" Report of Radionuclide Apalysis of
l ﬂ Water Sample
G,e | Public Water Supply
l U.S. Environmental Protection Agency
' P
(To be filled out by public water supply) Pate Kecuvep - /// 2/F

Wes?iake ‘ .
l e - g0 Dato [0 139 £~ [dwss
PWS Name i sgRCC Sanrico (Mo.) (Day) (Year)

Address (Ro Bex [t3cF
I Cicy lelfFeRsee C 7 > State Wordi Zip C“eﬁ/_’_&

(To be filled out by laboratory)
. Dept. of Community Health & Medical Care

Lab Running Sample _ Environ. Health Laboratories

Address and City 801 S, Brentwood Blyd,. Clayton, Mo. 63105 ,
Staff

Lab ID No, 00260 —tnslyst__ Staff

Contaminant ' Analysis - Analysis . Analysis
l Name : Regult Date Method

. D8 '
LG Tl G 21 2R amuenreoon

l ) / .

Gross Beta Par:iclé
l Activity (50pc./1 i /

Tritium Wi /
l Scrontium = 90 / /

Iodine « 131 __/ /
- Cesium « 134 i /

This form must accompany the radionuclide cubitainer to the laboratory. The public
l water supply will be notified by the Water Supply Field Office, V.5, EPA of the

gresults of the vadionuclide examinations,

- WLLFOIA4312 - 015 - 0172736



Report of Radionuclide Analysis of

l / Water Sample
(;a Public Water Supply

U.S, Environmental Protection Agency

l»& @eln':—z //A?d/l”‘

(To be filled out by public water eupply) s Lak

rollfmr FI- T/38 Date /0§ 30y 80 Srory
PUS Name A7 DA7ugal F2saseles  Swupler | (Moo} (Day)  (Vesr)

Address L L-Bo X L3¢L
City defFlersaw Ll Y Stato____H 9 21ip Code_£5/22

(To be filled ouc by 1aBoretoryde . .icy Health & Medical Care
Lab Running Samplef Environ. Health Laboratories

Address and City 801 S, Brentwood Blvd. .
Lab ID No, Clayton, Mo. 63105 Analyet

Contaminant Analyais Analyeis . Anslysis
Name Result Pate Method

Gross Alpha Parcicle .
Activity (Spe./l _ ‘ W IRCAY . L s
. . Day Yr¢ -
2, 2'2 sﬁz— el £”,
/ 5

l C Radium - 226 > L DS - 7SO §72

Radium - 228
Gross Beta Particle
Activicy (50pc./1

Tricium
Scrontium « 90
lodine = 131
Cesiunm « 134

WKk

This form must accompany the radionuclide cubitainer to the laborstory. The public
vater supply will be notified by the Water §upply Field Office, V.5, EPA of the
vesulcts of the vadionuclide examinationd,

. | WLLFOIA4312 - 015 - 0172737



LSpr-569/5-5-80

l /:'; .’2‘@,?” Page 1 Of 3
LT M 'RI DEPARTMENT OF NATURAL RESOURC
b . I\ . - .
A SION OF ENVIRONMENTAL QUALITY
: LABORATORY SERVICES PROGRAM
] N23 199, -
K LI,'.‘ﬂ WASTE
l “A3EMEYD b REPORT OF SAMPLE ANALYSIS
500&4” LANDFILL MONITORING PROJECT
l NAME OF FACILITY West Lakes Landfill
SAMPLES COLLECTED BY Randy Crawford DATE(S) 10-29-80
l NOTE:
SAMPLE DESCRIPTION Boring #1 Slough on N.W. edge (grab)
l DATE COLLECTED" . 10-29-80 10-29-80
SAMPLE NUMBER 80-7125 80-7126
pH Units 6.6 7.5
' Specific Cond. (umhos/cm 500 745
@ 259 ¢C)
I Milligrams per liter
BOD 16 L4
COD 64.4 13.8
l NH, as N 0.84 0.0¢
NO3+NO; as N 0.54 0.08
‘Total P 0.21 0.07
I PAa1 sulfide 0.34 £ 0.04
TOC 25.8 PAD
Total Cyanide .
I Non-Filterable Residue (SS) No Result* 9
Filterable Residue (TDS) No Result* 366
Color &£ 25 L 25
Alkalinity as CaCOJ
I Fluoride 0.42 0.36
, Chloride 6.5 57.8
Sulfate 79 56
I Hardness as CaC03 (Ca, Mg, Fe, 370 244
e Zn, Mn)
Potassiun :
Sodium
l Calciun
Magnesium
femperature 9°c
I Micrograns per liter
e35ayts, Phaselyed 83 399 73tad
l Chromium, Dissolved 2 £ 1 Total
Copper, Dissolved 3 £ 1 Total
‘ Iron, Dissolved 150 240 Total
l Lead, Dissolved 2 2 Total
Seleniur, Dissolved 2 A5 Total
Manganese, Dissolved 1000 70 Total
Mercury, Dissolved &£0.1 £ 0.1 Total
I Nickel '
Zinc, Dissolved 700 14 Total
-Arsenic, Dissolved 2 £ 5 Total
Silver, pissolved 0.2 Z 0.1 Total
#*No unfiltered samrle

WLLFOIA4312 - 015 - 0172738



Page 2 of 3

I LSP-69/5-5-20

W‘LLFOIA4312 -015-0172739

I MISSOURI DEPARTMENT OF NATURAL RESOURC..
DIVISION OF ENVIRONMENTAL QUALITY
l LABORATORY SERVICES PROGRAM
REPORT OF SAMPLE ANALYSIS
I LANDFILL MONITORING PROJECT
NAME OF FACILITY West Lakes ZLandfill
I SAMPLES COLLECTED BY Randy Crawford DATE(S) _Jl0- 2Q QQ
NOTE'
I SAMPLE DESCRIPTION Boring #2 Black Diamond Lake (grab)
DATE COLLECTED - 10-30-80 10-30-80
:I SAMPLE NUMBER 80-7127 ~ 80-7128
PH Units 7.2 7.5
Specific Cond. (umhos/cm 1100 4000
l 8 25° ¢)
Milligrams per liter
I BOD 6 > 444
coD : 37.8 . 845
NH, as N 0.22 108
I N03+N02 as N 0.98 & 0.05
*Total P : 0.37 1.0
otal Sulfide 0.06 ‘ 0.07
I TOC 33.0 302
Total Cyanide . )
Non-Filterable Residue (SS) 15452 24
I l-':.lterable Residue (TDS) 684 2064
£ 25 1000
Alkalinlty as CaCO3 :
Fluoride 0.25 0.54
I Chloride 42.1 355
Sulfate 152 29
Hardness as CaC03 (Ca, Mg, Fe, " 465 718
l Zn, Mn)
Potassium
Sodiunm
Calciunm
I Magnesium .
' .Yemperature 12°c . 14°¢C
Micrograms per liter
Barium 700 Dissolved 300 Total
Cadaiun 1.0 Dissolved 0.2 Total
Chromium 2 Dissolved 12 Total
l Copper d1 Dpissolved 1 Total
Iron 400 pissolved 3200 Total
Lead
Seleniun g gigggéggg 15% 52525
Manganese 600 Dissolved 500 Total
Mercury £0.] Dissolved & 0.1 Total
Nickel
I Zinc 1310 Dissolved 238 Total
-Arsenic 2 Dissolved 5 Total
Silver £ 0.2 Dissolved £.0.1 Total



NAME OF FACILITY __West Lake Landfill

MISSOURI DEPARTMENT OF NATURAL RESOURC.
DIVISION OF ENVIRONMENTAL QUALITY
LABORATORY SERVICES PROGRAM

REPORT OF SAMPLE ANALYSIS
LANDFILL MONITORING PROJECT

Page 3 of 3

SAMPLES COLLECTED BY Randu Crawford DATE(S) 10-30-80

#--—

NOTE: .
SAMPLE DESCRIPTION Boring #3 Boring #4 Boring #5 (Algngks;:. g.;:arles
DATE COLLECTED - 10-30-80 10-30-80  10-31-80 ek Foa
SAMPLE NUMBER 80-7129 80-7130 80-7131
pH Units 7.0 6.7 6.7
Specific Cond. (urhos/em 1100 - 2200
@ 25° C)
Milligrams per liter
I BOD 7 17 9
CcoD 35.1 42.2 16.9
NH, as N 0.11 0.23 0.02
NO3+NO, as N 0.22 0.06 0.36
‘Total P 0.16 0.06 0.10
MBAS 0.07 0.06 0.15
Total Sulfide
TOC No Result* No Result* No Result*
Total Cyanide . )
Non-Tilterable Residue (SS) 8496 7310 896
Filterable Residue (TDS) 392 2040 120
Color ‘ L 25 £.25 L 25
Alkalinity as CaCOj -
Fluoride ' 0.32 0.20 0.17
Chloride 16.4 10.2 14.3
Sulfate 78 37 141
Hardness as CaCOj3 (Ca, Mg, Fe, " 585 747 577
Zn, Mn)
Potassium '
Sodiunm
Calciun
Magnesium
Temperature 15°¢c 15 18°¢
ricrograms per liter
Bariua, Dissolved 500 400 200
Cadriun, Dissolved 0.8 1.3 0.9
Chromium, Dissolved 5.6 6 r
Copper, Dissolved 11 7 4
Iron, Dissolved 1200 1000 400
Is'gignlﬁéfsgigggl ved g < g 43
Manganese, Dissolved 1100 440 300
Mercury, Dissolved £L0.1 £0.1 £0.1
Nickel
Zinc, Dissolved 550 198 ‘132
I—'Arsenic, Dissolved J 2 L5
Silver, pissolved 20.2 2 0.2 0.2

*Instrument Failure
l LSP-69/5-5-20
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. . LABORATUKY SERVLICES PRUGRAM
I‘ | Report of Sample Analysis

Method 624
Volatile Organics

Sample No. 83-9803

l RESULTS

CAS No. COMPOUND NAME 02/1
l‘”? LE DESCRIPTION: 107-02-8 Acrolein NA

107-13- .

Westlake Landfill leachate discharge 7‘:343_21 g‘:zi::““h T
Ito Fish Pot Creek 74-83-9 Bromomethane <27
75-27=4 Bromodichlorozethane <32

: . 75-25-2 Bromoform 2.8
Iate Collected:  12-14-83 56-23-5 - Carbon Tetrachloride <3.1
; 168-90-7 1 ’ 2.4
. Collected By: Virgil Wiesner 75850-3 212:22:::? ':gz
Iffiliation: SLRO 110-75-8 2-Chloroethylvinyl ether <8.3
Method: 67-66-3 Chloroform <2.9
74-87-3 Chloromethane <24

A Method No. 624 124-48-1 Dibromochlorozethane <2.8

75-34-3 1,1-Dichlorocethane 11
I 107-06-02 1,2-Dichloroethane <2.0

75-35=4 1,1-Dichloroethene <2.9

540-59-9 trans-1,2-Dichlorcethene 5.3

marks: 78-87-5 1,2-Dichloropropane <1.5

alyzed 1/5/84. Sample exceeded holding 10061-01-5 cis-1,3-Dichloropropene NA

time by 8 days. ' 10061-02-6 trans~1,3-Dichloropropene <25

I 100-41-4 Ethylbenzene <2 6

75-09-2 Methylene chloride 15

- 79-34-5 1,1,2,2-Tetrachlorcethane 2.3

IL - The recovery of a spike in the - 127-18-4 Tetrachloroethene 2.4

sample was not within the control 71-55-6 1,1,1-Trichloroethane <32
limits. _

79-00-5 1,1,2-Trichloroethane <31
lA ~ Not Analy:zed . 79-01-6 Trichlorocethene <31.0
NR -~ No Result - see Remarks 75-69-4 Trichlorofluoromethane —— NA
ID A standard was not run and a 108-88-3 Toluene - . 130

- 75-01-4 de
measurable (near MDL) peak was not 3 Vinyl chloride —24
found at the expected retention time|
II = Tentative Identification has been
' a library search. An
Bill Price, Public Drinking Water Program Page _1of )

v/

WLLFOIA4312 -015-0172741



- LABURATOKRY SERVICES PRUGRAM
Report of Sample Analysis

Sample No. 83-9804

Method 624
Volatile Organics

iill Price, Public Drinking Water Program

RESULT
CAS No. COIPOLND NAME ua/l
‘A.".?LE DESCRIPTION: ig;_gg:g icmiei: . N
: - crylonitrile -_NA
Fish Pot Creek below Sulphur Spring 71-43=2 Be:’;en,_ <1.8
Road Bridge 1000 feet 74-83~9 Brormorethane = -_<Z7
75-27-4 Bromodichloromethane <3,2
. . ; 75-25-2 Broroform <2.8
ate Collected: 12-14-83 56-23-5 Carbon Tetrachloride <3.1
. 168-90-7 lorobenzene ¢ 2.4
ollected By:_ Virgil Wiesmer | 75-00-3 Chlorcethane Q27
£fi14ation: SLRO 110-75-8 2-Chloroethylvinyl ether <8.3
thod: 67-66-3 Chloroform <2.9
"2 74-87-3 Chloromethane <24
124-48-1 Dibromochloromethane <2.8
EPA Method No. 624 75-34=3 1, 1-Dichloroethane __<2.0
107-06-02 1,2-Dichloroethane <2.0
75-35-4 1,1-Dichlorcethene ——<2.9
540-59-9 trans-1,2-Dichlorocethene  _ <3 2
marks: . 78-87-5 1,2-Dichloropropane 1.5
Analyzed 1/5/84. No detectable 10061-01-5 ¢is-1,3-Dichloropropene —__NA
contamination was found. Sample 1006 1-02-6 trans-1,3-Dichloropropene __ <> §
exceeded holding time by 8 days. ‘
R 100-41-4 Ethylbenzene 2 6
75=09-2 Methylene chloride _<5.4
79-34~5 1,1,2,2-Tetrachloroethane 2.3
I’L - The recovery of a spike in the 127-18-4 Tetrachloroethene <24
sample was not within the control 71-55-6 1,1,1-Trichloroethane ——32
limits. ' '
79-00-5 1,1,2-Trichlorocethane <33
l = Not Analyzed : 79-01-6 Trichloroethene <30
‘R -~ No Result - see Remarks 75-69-4 Trichlorofluoromethane — NA
108-88-3 Toluene L <65
D - A standard was not run and a 75-01-4 Vinyl chlorid
measurable (near MDL) peak was not y‘ orce —h
found at the expected reteation time.
II = Tentative Identification has been
wmade thze a library search, An
authen§ic standard has no
l The est. core. is b P
rela -~
Ippmved: :
s H. Long, Direcesr
Labbratory Services Progr
tistrib:i :
ave Bedan, Waste Management Program
Page 1of 1

Vv’
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Page 1 0of 1
' MISSOURI DEPARTMENT OF NATURAL RESOURCES(\. Appendix A
DIVISION OF ENVIRONMENTAL QUALITY
LABORATORY SERVICES PROGRAM
/75 508
. REPORT OF SAMPLE ANALYSIS
e LANDFILL MONITORING PROJECT
NAME OF FACILITY VWestlekes Landfill
SAMPLES COLLECTED BY Steve Berendzen DATE(S) 6-16-81
NOTE: - -~ -
| o8& ABIS 2359 3o
SAMPLE DESCRIPTION Well #34 Well #35 Well #38 Vell #39
DATE COLLECTED 6-16-81 6-16-81 6~-16-81 6-17-81
SAMPLE NUMBER 81-7835 81-7836 81-7833 81-7834
pH Units 7.1 7.2 - 6.5 . 6.9
Specific Cond. (umhos/cm
_ @ 25° ¢) 600 730 620 660
Milligrams per liter ’ _
CCD 56 95 No result 45
KO3 + NO7 as N . 0.05 <0.05 0.09 0.05
Total Phosphorus 0.24 0.41 0.42 0.27
Filterable Residue (TDS) 613 740 602 782
Fluoride 0.1 0.5 0.2 0.2
Chloride 44 43 7.9 44
Sulfate 90 <10 86 210
Hardness as CaC03 (Ca,Mg) 430 630 480 530
Sodium 16 19 12 20
Calcium 99 170 120 130
Magnesium 4 50 44 50
Micrograms per liter
Arsenic <5 13 <5 <5
Barium 100 320 260 120
Boron <100 < 100 590. < 100
Cadmium 9 -8 <2 6
Chromium < 20 <20 <20 £20
Cobalt <10 <10 <10 <10
Copper <5 <s <5 28 - S
Iron ._ 28,000 5,500 220 .. 16,000 .
Lead <57 <5 <5 <{s5
Manganese 970 2000 430 670
Metcun'- No result No result No result Log Error
Selenium - <5 <S5 <5 <5
Silver <1 <1 <1 <1
Zinc ] 11,000 4,500 <10 1,500



EXHIBIT 14-I (Interim Report on the Proposed Ground Water Sampling
Program for the Primary Phase of the Hydrogeologic Investigation,
West Lake Landfill, St. Louis County, Missouri, October 1985
prepared by Burns and McDonnell, Kansas City, Missouri) will be
produced at such time as it is located by Respondent.

WQAM 00l
Exhibit 14-T
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EXHIBIT 14-J (Hydrogeologic Investigation - West Lake Landfill
Preliminary Phase Report, dated January 1985 prepared by Burns and
McDonnell, Kansas City, Missouri) will be produced at such time as
it is located by Respondent.

L RM QO
Exhibt 14-T
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DUPLICATE

ST. LOUIS COUNTY
DEPARTMENT OF COMMUNITY HEALTH & MEDICAL CARE
DIVISION OF EHNVIRONMENTAL HEALTH CARE SERVICES
AIR POLLUTICN CONTROL BRANCH

June 1, 1976 4276

Date Number
OPERATING PERMIT

Tnis permit to operate the equipnent/process(es)
described below is granted to:

West Lake Quarry

Jdame

13570 St. Charles Rock Road

Location of Equipment

Such operation to be pursuant to the conditions set
out in Operating Permit Application No.: 4357

Equipment/Process(es)

#1 Asphalt Batching Plant

Cyclone Collector

Model: 270 & 370

99.8% Efficiency

Stack/Vent Identification

Asgistanth Director
Air Pollujfon Control Branch

(This Permit to be visibly affixed or placed in .

accordance with Section 612.120 St. Louis County Air
Follution Control Code.) Ten Dollar ($10.00) fee paid.

wamM 00/
Exhioit )1-4
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ST, LOUI

S COUNTY

DEPARTMENT OF COMMUNITY HEALTH & MEDICAL CARE
DIVISION OF ENVIRONMENTAL HEALTH CARE SERVICES
AIR POLLUTION CONTROL BRANCH

August 7, 1979

Date

OCPERATIN

045590

Number

G PERMIT

This permit to operate the equipment/process(es)
described below is granted to:

St. Ch

Westlake Quarry & Material
Name

Location of Equipment

Such operation to be purs
out in Operating Permit A

Equipment/Process(es)

uant to the conditions set
pplication No.: 2691

Dust Suppression System

Make: Johnson-March

600 tons/hour

Stack/Vent Identification

N/A

(This Permit to be visibl
accordance with Section 6
I'ollution Control Code.)

- Director
Air Fol)ufion Control Branch

y affixed or placed in
12.120 St. Louis County Air
Ten Dollar ($£10.00) fee paid.

wam 0019
Exni bt 117-B

WLLFOIA4312 - 015 - 0172747
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ST. LOUIS COUNTY
DEPARTMENT OF COMMUNITY HEALTH & MEDICAL CARE
DIVISION OF ENVIRONMENTAL HEALTH CARE SERVICES
AIR POLLUTION CONTROL SECTION

August 10, 1987 GOS563
Date Number

OPERATING PERMIT

This permit to operate the equipment/process(es) described
below 18 granted to:

West Lake Quarry
Name

13500 St. CHarles Rock Rd.
Location of Equipment

Such operation to be pursuant to the conditions set out in
Operating Permit Application No. 6887

Equipment/Process(es)

Mineral Storage Silo

Asphalt Plant #1

Baghouse~400 SCFM

Enforceable Permit Conditions

Stdck/Vent Identification

- (This permit to be visibly affixed or placed in accordance

with Section 612.120 St. Louis County Air Pollution Con-
trol Code.) Fee paid $

Wa™ 0020
Exnibi+ 11-¢
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" STATE OF MISSOURI
DEPARTMENT OF NATURAL RESOURCES

MISSOURI CLEAN WATER COMMISSION

AUTHORIZATION TO DISCHARGE

UNDER THE NATIONAL POLLUTANT DISCHARGE
ELIMINATION SYSTEM

In compliance with the Federal Water Pollution Control Act, Public Law 92-500, 92nd Congress, (hereinafter, the
Act) as amended, and the Missouri Clean Water Law, (Chapter 644 R.S. Mo. Cum. Supp. 1556, hereinafter, the Law).

Permit No. 1M0-0108634 Applicant No. MO-0108634

Ovwner: West Lake Quarry and Material Company

Owner's Address;. 12976 St. Charles Rock Road, Bridgeton, Missouri 63044

Facility Name: West Lake Quarry and Material Company

Facility Address: 13570 St. Charles Rock Road, Bridgeton, Missouri 63044

Legal Description: U.S. Survey 131, (NW 1/4, SW 1/4, SE 1/4, Sec. 31 projected), T46N,
R5E, St. Louis County

Receiving Stream & Basin: unnamed tributary to Missouri River

{10300200-04-00) (Missouri River and Eastern Tributaries Basin)

is authorized to discharge frrom the facility described herein. in accordance with the effluent limitations and

monitoring requirements as set forth herein:

FACILITY DESCRIPTION
Outfall #001 - Limestone Quarry

Storm water runoff.’
Design flow is 700 gallons per minute/occurrence.

This permit only authorizes wastewater discharges under the Natio
does not apply to other regulated areas. This permit may be appeale
Law.

December 30, 1988

Eftective Date

October 31, 1993

Exprration e Permit Administrator tor Missouri a—c:m Water) Commission

wWam 002/

+0 780-0041 15-87)
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'A. EFF T LIMITATION ' : PAGE NUMBER 2 Of 3
A. EFFLUENTL S AND MONITORING REQUIREMENTS T s W00 08T

The permittee is authorized to discharge from outfali(s) with serial number(s} as specified in the application for this permit. The final
effluent limitations shail become effective upon issuance and remain in

effect until expiration of the permit. Such discharges shall be controlled, limited, and monitored by the permittee as specified below:

OUTFALL NUMBER FINAL EFFLUENT LIMITATIONS MONITORING REQUIREMENTS
AND EFFLUENT UNITS ‘DAILY WEEKLY MONTHLY MEASUREMENT SAMPLE

PARAMETER(S) MAXIMUM AVERAGE AVERAGE FREQUENCY TYPE

outfall #001

Flow-m®/Day MGD * Cox each occurrence estimate
of total
Settleable Solids |ml/l/hr 1.0 once/each grab
occurrence
Non-Filterable Residue mg/1l 45 30 once/each grab
(Total Suspended Sol}ids) occurrence
pH - Units su *k : xx once/each grab -
occurrence

* Monitoring requiyrement only.

** pH is measured ih pH units| and is not |to be averad ed. The pH|is limited to the range
of 6.0-9.0. :

MONITORING REPORTS SHALL 2E SUBMITTED quarterly . THEFIRST REPORT IS DUE __2~28-59
THERE SHALL BE NO DISCHARGE OF FLOATING SOLIDS OR VISIBLE FOAM IN OTHER THAN TRACE AMOUNTS.

B. STANDARD CONDITIONS :

iN ADDITION TO SPECIFIED CONGITIONS STATED HEREIN, THIS PERMIT IS SUBJECT TO THE ATTACHED Part I
STANDARD CONDITIONS DATED October 1 19 _80 . AND HEREBY INCORPORATED AS THOUGH

FULLY SET FORTH HEREIN.

MO 780-0010 {4-87)
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Page 3 of 3
Permit No. M0O-0108634

(@]

SPECIAL CONDITIONS

-
.

Within one year of the issuance date of this permit, the permittee shall submit a
completed CWC 105 Form C. All regquired analytical results shall be submitted.

[\V)

This permit may be modified, or alternatively, revoked and reissued, to comply with
any applicable effluent standard or limitation issued or approved under Sections
301(b)(2) (C), and (D), 304(b)(2) and 307(a)(2) of the Clean Water Act, if the
effluent standard or limitation so issued or approved:

(a) Contains different conditions or is otherwise more stringent than any effluent
limitation in the permit; or

(b) Controls any pollutant not limited in the permit.

The permit as modified or reissued under this paragraph shall also contain any other
requirements of the Act then applicable.

W

Permittee shall insure that leachate and storm water runoff from the adjacent
Laidlaw, Inc. Landfill shall not be discharged through Outfall #001.

‘WLLFOIA4312 -015- 0172751



EXHIBITS 19-A THROUGH 19-WWW

MINUTES OF CORPORATE DIRECTORS’ MEETINGS

Produced simultaneous with, and attached separately to, the
104(e) Response of West Lake Quarry and Material Company are copies
of minutes of corporate directors’ meetings. Respondent hereby
asserts a confidentiality claim with respect to these minutes,
pursuant to §8§104(e)(7)(E) and (F) of CERCLA, 42 U.S.C.
§§9604(e)(7)(E) and (F), Section 3007(b) of RCRA, 42 U.S.C.
§6927(b), and 40 C.F.R. 2.203(b). Following is a listing of all
the minutes, together with the dates covered by each, respectively.

18-A: Minutes of Special Meeting of Directors of West Lake
Quarry and Material Company, August 1, 1966

19-B: Minutes of Special Joint Meeting of The Board of
Directors and Shareholders of West Lake Quarry and
Material Company, June 30, 1971

19-C: ‘Minutes of Special Meeting of Board of Directors of West
Lake Quarry and Material Company, Inc., July 1, 1972

19-D: Minutes of Special Meeting of Board of Directors of West
Lake Quarry and Material Company, Inc., December 28, 1972

19-E: Minutes of Special Meeting of Board of Directors of West
Lake Quarry and Material Company, Inc., May 1, 1974

19-F: Minutes of Special Meeting of Board of Directors of West
Lake Quarry and Material Company, Inc., March 18, 1975

19-G: Minutes of Special Meeting of Board of Directors of West
Lake Quarry and Material Company, Inc., March 16, 1976

19-H: Minutes of Special Meeting of Board of Directors of West
Lake Quarry and Material Company, Inc., March 15, 1977

19-1I: Minutes of Special Meeting of Board of Directors of West
Lake Quarry and Material Company, Inc., September 14,
1977 '

19-J: Minutes, Monthly Meeting of The Board of Directors of

‘Westlake Quarry and Material Company, January 28, 1986

19-K: Minutes, Monthly Meeting of the Board of Directors of
Westlake Quarry and Material Company, March 25, 1986

19-L: Minutes, Monthly Meeting of the Board of Directors of
Westlake Quarry and Material Company, April 29, 1986

19-M: Minutes, Monthly Meeting of the Board of Directors of
Westlake Quarry and Material Company, June 24, 1986

WA 0083,
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19-N:

19-0:

19-P:

19-Q:

19-R:

19-S:

19-T:

19-U:

19-V:

19-W:

19-X:

19-Y:

19-Z:

19-AA:

19-BB:

l19-CC:

19-DD:

19-EE:

Minutes, Monthly Meeting of the Board of Directors of
Westlake Quarry and Material Company, July 29, 1986

Minutes,

Monthly Meeting of

the Board of Directors of

Westlake Quarry and Material Company, August 26, 1986

Minutes,
Westlake

Minutes,
Westlake

Minutes,

Westlake

Minutes,
Westlake

Minutes,
Westlake

Minutes,

Westlake '

Minutes,
Westlake

Minutes,
Westlake

Minutes,
Westlake

Minutes,
Westlake

‘Minutes,

Westlake

Minutes,
Westlake

Minutes,
Westlake

Minutes,
Westlake

Minutes,
Westlake

Minutes,

Monthly Meeting of

the Board of Directors of

Quarry and Material Company, September 23, 1986

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of
Quarry and Material

Monthly Meeting of

the Board of Directors of
Company, October 28, 1986

the Board of Directors of
Company, November 25, 1986

the Bocard of Directors of
Company, January 27, 1987

the Board of Directors of
Company, February 24, 1987

the Board of Directors of
Company, March 26, 1987

the Board of Directors of
Company, April 30, 1987

the Board of Directors of
Company, June 2, 1987

the Board of Directors of
Company, June 30, 1987

the Board of Directors of
Company, August 5, 1987

the Board of Directors of
Company, September 4, 1987

the Board of Directors of
Company, October 2, 1987

the Board of Directors of
Company, October 2, 1987

the Board of Directors of
Company, November 24, 1987

the Board of Directors of
Company, December 30, 1987

the Board of Directors of

West Lake Quarry and Material Company, January 28, 1988

WLLFOIA4312 - 015 - 0172753



19-FF:

19-GG:

19-HH:

19-1I1:

19-JJ:

19-KK:

19-LL:

19-MM:

19-NN:

19-00:

19-PP:

19-Q0Q:

19-RR:

19-8S:

19-TT:

19-U0:

19-VVv:

Minutes, Monthly Meeting of the Board of Directors of
West Lake Quarry and Material Company, March 4, 1988

Unanimous Consent of Directors of West Lake Quarry and
Material Company in Lieu of Annual Meeting of Board of
Directors, March 16, 1988

Minutes, Monthly Meeting of the Board of Directors of

‘West Lake Companies, April 8, 1988

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, April 28, 1988

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, June 2, 1988

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, July 8, 1988

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, August 19, 1988

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, September 29, 1988

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, November 4, 1988

Minutes, Monthly Meeting of the Board of Directors of The

West Lake Companies, November 17, 1988

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, December 21, 1988

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, February 6, 1989

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, February 22, 1989

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, March 22, 1989

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, April 26, 1989

Statement of Unanimous Written Consent of Directors of
West Lake Quarry and Material Company in Lieu of Meeting
of Board of Directors, May 25, 1989

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, May 30, 1989
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19-WW:

19-XX:

l19-YY:

19-2Z:

19-AAA:

19-BBB:

19-CCC:

19-DDD:

19-EEE:

19-FFF:

19-GGG:

19-HHH:

19-I1I1:

19-33J:

19-KKK:

19-LLL:

19-MMM:

19-NNN:

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, June 23, 1989

Minutes, Monthly Meeting of the Board of Directors

West Lake Companies, July 26, 1989

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, September 8, 1989

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, September 22, 1989

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, October 25, 1989

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, December 8, 1989

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, January 2, 1990

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, January 25, 1990

‘Minutes, Monthly Meeting of the Board of Directors

West Lake Companies, February 28, 1990

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, March 28, 1990

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, April 20, 1990

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, May 29, 1990

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, June 29, 1990

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, August 14, 1990

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, September 24, 1990

Minutes, Special Meeting of the Board of Directors

West Lake Companies, October 19, 1990

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, October 31, 1990

Minutes, Monthly Meeting of the Board of Directors
West Lake Companies, November 28, 1990 '
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19-000:

19-PPP:

19-QQQ:

19-RRR:

19-88S:

19-TTT:

19-0UUU:

19-VVV:

19-WWW:

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, December 20, 1990

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, January 31, 1991

Certified Copy of Corporate Resolution of West Lake
Quarry and Material Company, February 28, 1991

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, March 6, 1991

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, March 27, 1991

Minutes, Special Meeting of the Board of Directors of The
West Lake Companies, April 22, 1991

.Minutes, Special Meeting of the Board of Directors of The

West Lake Companies, April 23, 1991

Certified Copy of Corporate Resolution of West Lake
Quarry and Material Company, April 30, 1991

Minutes, Monthly Meeting of the Board of Directors of The
West Lake Companies, June 5, 1991
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PHASE II INVESTIGATION FINAL REPORT

U.S. REAL ESTATE DIVISION
FORD FINANCIAL SERVICES
EARTH CITY, MISSOURI

£ DAMES & MOORE

D&M Job No. 19943-002-045
: ~ June 26, 1990

LB B3
Exhbrt go-4
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= DAMES & MOORE A PROFESSIONAL LIMITED PARTNERSHIP

11701 BORMAN DRIVE, SUITE 340, ST. LOUIS, MISSOURI 63146
(314) 9934599 FAX NO. (314) 9934895

June 14, 1990

Mr. John Basilico

United States Real Estate
Ford Financial Group

13517 Lake Front Drive
Earth City, MO 63045-1414-

RE: Phase I Site Investigation
Earth City Property Adjacent to West Lake Landfill

Dear Mr. Basilico:

Enclosed for your information are two (2) copies of the Phase II Site Investigation final
report for the above referenced property.

Should you have any questions or wish to discuss this report in any way, please do not
hesitate to contact Ms. Linda Black or myself. '

Very truly yours,

DAMES & MOORE
A Professional Limited Partnership

bé‘/‘

er (Ltd.)
Managing Principal

gfv/ken
Enclosure

OFFiES WORLDWIDE
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PHASE II INVESTIGATION REPORT
U.S. REAL ESTATE DIVISION
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June 14, 1990
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1.0 INTRODUCTION

In April, 1990, Ford Financial Services Group, U.S. Real Estate authorized Dames &
Moore to proceed with a Phase II Site Investigation to further document pre-transaction
conditions at property adjacent to a proposed National Priorities List (NPL) site. This report
presents a summary of the field techniques employed during this investigation and conclusmns
based upon analytical results from collected samples.

1.1 Executive Summary

The Phase II Site Investigation involved a more in-depth investigation of organic,
inorganic, and radiological contamination of the Ford Property that is believed to be related to
the adjacent West Lake Landfill. Upon review and evaluation of all information obtained from
this investigation, several concluding remarks can be made which best summarize this effort.

First, the gamma radiation survey conducted on surface soils in areas north and west of
the West Lake Landfill (i.e., areas which receive a large amount of surface runoff from the
landfill) indicated that there is no significant surface radiological contamination present.
Radiological contamination present within the landfill, therefore, does not appear to have
contributed any significant contamination due to surface runoff to the 23 acres surveyed.

Second, in addition to the surface soil survey just described which required the use of
a direct-reading meter, surface soil samples where also collected from 0-12 inches in depth from
property locations adjacent to the landfill and submitted for more in depth chemical and
radiological analysis. Soil samples were collected in locations where contamination was
suspected from the Phase 1 effort and in locations where contamination might reasonably be
expected. Although very low levels (parts per billion) of organic contamination were provided
in the analytical report for the two soil sample composites, these values were actually below the
analytical limit of detection and are, consequently, not significant. Of all the soil samples
collected (a total of 20), only the samples collected from the two (2) locations where radiological
contamination had been indicated from the Phase I investigation had radiological contamination
(i.e., the biased samples). No further surface radiological contamination beyond these biased
locations is evident based upon this information and the gamma radiation survey.

Third, sediment/soil samples were collected and analyzed from four (4) locations where
chemical or radiological contamination might reasonably be expected to have migrated from the
landfill via surface water. As with the soil samples, only low level organic chemical
contamination was indicated which is likewise believed to be attributed to the sampling technique
and not to actual soil contamination. Radiological contamination is also not evident in these
samples.

D&M Job No. 19943-002-045
June 26, 1990
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Fourth, subsurface soil conditions were also surveyed radiologically down to groundwater
in several locations to the north and west of the landfill. Gamma radiation and volatile organics
were measured in soil borings down to groundwater using a GM-type survey meter and a
photoionization detector, respectively.  Neither radiological contamination nor chemical
contamination of any type was evident.

Fifth, groundwater was sampled and analyzed chemically and radiologically by installing
monitoring wells in the same soil borings that were mentioned previously. Low level (part per
billion) concentrations of some organic chemicals were detected in several of the groundwater
samples. Several of these, however, are believed to be attributable to background contamination
from the laboratory, and as such, do not represent a significant environmental concern. Two
semi-volatile BNAs (chrysene and Bis (2-ethylhexyl)phthalate) were, however, also detected in
very low levels (1-27 ppb) in four (4) of the well samples. Other chemical contaminants tested
for in the groundwater (i.e., metals, cyanide) were not present in sufficient concentration to
represent a significant environmental concern. Although radiologically speaking there were
conflicting results from the two laboratories used, there does not in any case appear to be
significant groundwater contamination. The one parameter that was tested and found to be
somewhat elevated in some of the water samples (gross alpha) is of secondary importance since
the sum of the individual components that typically comprise this parameter failed to confirm
the gross alpha totals.

With the exception of two (2) biased locations adjacent to the West Lake Landfill where
radiological contamination is evident (Bl and B2), it is unlikely that the results provided from
this investigation can be interpreted as evidence that the radioactive material resident in the West
Lake Landfill has migrated to Earth City property.

1.2 Project History Summary

In December, 1989, Ford retained Dames & Moore to prepare an assessment of the
radiologic conditions at their properties in Earth City, Missouri, as part of a pre-divestiture due
diligence effort. The scope of the Phase I effort was primarily to respond to concerns raised by
the proximity of the West Lake Landfill, located immediately to the east of the property under
review (Figure 1). On October 23, 1989, the landfill was proposed for addition to the National
Priorities List under CERCLA, due to improper acceptance during the early 1970°s of radiologic
materials primarily from the Department of Energy’s Latty Avenue operations.

s

Upon completion of a review of available information, and a limited sampling effort,
Dames & Moore concluded that the data suggests that significant off-site migration of radioactive
contaminants from the landfill via groundwater has not occurred. However, it was
recommended that surface contamination attributable to landfill runoff be further characterized.
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This Phase IT Investigation has been developed to document more extensively field
conditions by means of additional soil and water sampling for an expanded set of parameters,
believed to be more representative of potential landfill contents.

1.3  Scope of Work Summary

The services performed during this Phase II investigation included the following five
elements: '

o Overland Gamma Survey - Gamma radiation levels were measured at one
centimeter and one (1) meter above the ground surface to ascertain whether
additional areas of surface radioactive contamination exist;

o Surface Soil Sampling - Discrete and composite soil samples were collected in
the two known "hot spots”, in random areas, and in one background location;

o Sediment Sampling - Discrete sediment samples were collected from drainage
areas likely to be influenced by runoff from the landfill;

0 Soil Borings/Downhole Gamma Logging - Seven soil borings were advanced to
15-25 feet depths. Cuttings were screened for organic vapors and for radiation
levels, Gamma radiation levels were also measured and recorded inside the
borehole, advancing in six-inch increments to the water table; and

o Groundwater Sampling - Monitoring wells were installed at each of the borings.
Samples were collected for laboratory analysis for organic, inorganic, and
radiologic parameters.

2.0 OVERLAND GAMMA SURVEY

__ Between April 9 and 13, 1990, Dames & Moore personnel conducted an overland gamma
radiation survey of 23 acres adjacent to the landfill which had not previously been surveyed.

The§e measurements would indicate areas, if any, where radiation levels were elevated above
ambient background. :
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2.1  Field Investigation

The overland gamma survey covered the areas shown on Figure 2. The area to the north
of the landfill, and to a lesser extent, along Old St. Charles Rock Road were surveyed to assess
potential migration of radiologic materials via surface routes. Areas adjacent to the recently
excavated drainage ditch/lake were surveyed to assess the levels of radiation in the material
dredged from the ditch, which may have intercepted potentially contaminated groundwater.

The gamma radiation survey was set up using a 10 x 10 meter survey grid to maintain
reproducibility and accuracy. Each section was first marked with stakes, using the S66 48'41"
E line, road coordinates, and chain-link fence which delineates the landfill, as the three primary
reference lines. Section grid lines were established 90 degrees from the reference lines at 10
meter intervals. Three grids were established - the largest encompassed the area north of the
landfill and covered approximately eight (8) acres. The second was established to the west of
Old St. Charles Rock Road in an area of disturbed soils recently excavated from a nearby
drainage ditch/lake. The third was also established west of Old St. Charles Rock Road and
paralleled nearly the entire Ford/West Lake common boundary over an area of soils excavated
from the nearby drainage ditch/lake.

Two calibrated Bicron microrem radiation survey meters were used for radiation level
measurements at each intersection of the grid at one centimeter and one meter above the ground
surface. These instruments use a tissue-equivalent plastic scintillator as the detection medium
to provide accurate dose rate information relative to biologic tissue. An instrument operability
check, which included a battery, background and source check was performed daily prior to use
and several times during use, to assure property instrument operation while performing the
survey. Both survey instruments were calibrated by the manufacturer and certificates of
calibration are attached as Appendix A.

2.2 vestigation |

Gamma radiation levels measured during the survey of the property are tabulated in Table
' 1. A map of the grid points is attached as Figure 3. Background radiation measurements were
recorded from several areas off-site and in ambient areas located on-site. The average
background dose rate for the two instruments in these areas ranged from three (3) to six (6)
microrem per hour which corresponds with levels identified by ORNL in a study titled "State
Background Radiation Levels 1975-1979" (report #TM-7343) which gives levels for the East St.
Louis area of between four (4) and eight(8) microrem per hour. All measurements made on the
property represented actual instrument readings without background data subtraction. Raw data
tabulated in Table 1, represent readings obtained at each survey point one meter and one
centimeter above ground surface. The primary reference point for each grid is indicated on
Table 1 and the site map (Figure 3) as point 0,0. All tables give the survey point locations
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:', based on their position relative to the reference point within the data matrix.
| | The U.S. Environmental Protection Agency guidelines for site cleanup and management
of residual uranium and thorium (40 CFR 192, Subparts B & E) require that the exposure rate
measured at a distance of one meter above the ground surface be less_than 20 microrems per
hour above background. In the case of the present survey, results did not exceed twice the
measured background rate in any of the areas surveyed.

Contaminants located within the West Lake Landfill did not appear to influence the

.! surface gamma radiation readings over the 23 acres surveyed. Although some fluctuations were
: present in the data, elevated gamma radiation readings within three times the average
) background measurement are not considered to be of consequence unless a systematic increase
.! is noted. Site-wide trends were not readily apparent from the collected data.

{

'-. 3.0 SOIL SAMPLING

pe g

Surface soil samples were collected at several locations to characterize existing soil
. conditions in areas of the site adjacent to the landfill where contamination is suspected, and
y where contamination might reasonably be expected.

3.1 icld Investigation

Two composite soil samples (COMP-1 and COMP-2) were collected from the areas
indicated on Figure 4 (shown as C1 and C2). It is believed that the soils dredged from the ditch
along Old St. Charles Rock Road has been spread over these areas. These soils were therefore
sampled to indicate whether any contaminants may have settled out from surface waters carried
in the ditch. Each samples was collected from six points in the area shown, and submitted for
analysis for total petroleum hydrocarbons (TPH), semi-volatiles, pesticides, PCBs, herbicides,
metals, and cyanide, as well as radiological parameters.

Six unbiased soil samples (UB1-UB6) were collected at the locations shown on Figure
4. These areas were distributed along the general perimeter of the landfill to provide
information regarding existing soil conditions. Each sample was collected at 0-6 inch depths and
submitted for radiological analysis.

Biased soil samples were collected at two locations (B1 and B2) as shown on figure 4,
which were identified during Phase I as having elevated gamma radiation levels. Samples B1A,
BIB, B2A, and B2B were collected at 0-6 inch depths. Samples B1C and B2C were collected
at 6-12 inch depths. All six samples were analyzed for several radiological parameters.
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Samples were collected manually using either a stainless steel trowel or a stainless steel
hand auger. Sampling equipment was decontaminated with Alconox detergent wash and a
distilled water rinse between each sample.

Samples requiring radiological analysis were placed in plastic bags provided by the
laboratory. Organic and inorganic samples were placed in jars provided by the laboratory (Table
2). Organic and inorganic samples were placed in an iced cooler. All samples were shipped
to the respective laboratories via overnight delivery accompanied by Dames & Moore chain-of-
custody records (Appendix B). :

3.2  Investigation Results

A summary of organic and inorganic data is presented in Table 3. For nearly all
parameters, there are no indications that samples COMP1 and COMP2 vary significantly from
the background sample BKG.

Exceptions of note are the results of analyses for semi-volatile compounds. No semi-
volatiles are indicated in the background sample, however, two compounds were detected in
COMP1 and six compounds were detected in COMP 2. The semi-volatile compounds detected
in the composite samples have been attributed to the sampling technique, which involved mixing
the composite inside a plastic zip-lock bag. The background sample was collected directly into
sample jars without contact with a bag.

A summary of the radiological data for soil samples is presented in Tables 4A, 4B, 4C,
and 4D. Al values are reported in units of picocuries per gram of sample plus or minus the
error associated with the analysis at a 95 percent confidence level (+ 2 sigma). All soil samples
were analyzed for gross alpha and gross beta content and the specific nuclides uranium-234,
235/236, 238, thorium-230,232; potassium-40; cesium-137 and radium-226, 228. Values
reported as less than ( <) a specific value, are considered below the analytical instrument’s lower
limit of detection. Table 4A shows that the analytical results reported for unbiased samples UB1
through UB6 are indistinguishable from the background sample collected at the same depth as
well as background samples analyzed for the Phase I investigation. Biased samples collected in
the two areas identified as above background in the Phase I investigation, show, as expected,
elevated gross alpha and gross beta.

For area 1 (Table 4B) gross alpha and gross beta for biased samples are elevated by
factors of 55 and 10.6 respectively, while for Area 2 (Table 4C) levels are elevated by factors
of 200 and 31, respectively. Similarly, elevated levels of uranium-234 and 238 are reported at
6.5 and 6 times background (Table 4B) and factors of 13.3 and 8.1, respectively (Table 4C).
Thorium-230 values in sample B1A and B1B average over 400 times background, while B2A
and B2B average over 900 times background. Thorium-232 however averaged only 3 times and
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6 times background for areas 1 and 2, respectively. Ra-226 concentrations in the biased soil
samples analyzed from areas 1 and 2 averaged 31 and 34 times background respectively. The
above results refer only to the data reported for the 0-6" sample depth. The reported
concentrations for the above mentioned nuclides in the 6-12" depth are equally elevated for the

. area 1 sample but are somewhat lower for the area 2 sample.

Composite soil sample results reported in Table 4D are indistinguishable from
background. ‘

1

4.0 SEDIMENT SAMPLING

Sediment samples were collected at four locations at the site to characterize existing
conditions in areas where contamination might reasonably be expected to have migrated via
surface water.

4.1 ield Investigation

Four sediment samples (S1-S4) were collected at the locations shown on Figure 5.
Samples S1 and S2 were collected from the bottom of the drainage ditch which runs along Old
St. Charles Rock Road. These samples were analyzed for several radiological parameters.

Sample S3 was collected from the bottom of a ponded area near St. Charles Rock Road.
Sample S4 was collected from beneath the outlet of a surface water drain which originates at the
base of the landfill berm, and emerges from the embankment of Old St. Charles Rock Road.
Both samples were analyzed for organic and inorganic as well as radiological parameters.

Samples were collected using either a stainless steel trowel or a stainless steel hand
auger. Sampling equipment was decontaminated with Alconox detergent wash and a distilled
water rinse between each sample.

Radiological samples were placed in plastic bags provided by the laboratory. Organic
and inorganic samples were placed in jars provided by the laboratory (Table 2). Organic and
inorganic samples were placed in an iced cooler. All samples were shipped to the respective
laboratories via overnight delivery accompanied by Dames & Moore chain-of-custody records
(Appendix B).
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4.2  Investigation Results

A summary of organic and inorganic data is presented in Table 5, as a comparison with
background soil sample BKG. For nearly all parameters, there are no indications that samples
S3 and S4 vary significantly from the background sample. Mercury was detected only in sample
S4, at 0.18 ppm only slightly above the reported detection limits.

- Semi-volatile analytical results are similar to the soil samples, where several compounds
were detected. Again, this is attributed to the sampling technique which involved mixing of the
composite sample inside of a plastic zip-lock bag. The background sample was collected directly
into sample jars without contact with a bag.

A summary of the radiological data is presented in Table 6. Review of this table shows
that, for the radiological parameters specified, all data is indistinguishable from background
except for the gross alpha value of sample S4 which is reported as 6.6 times background. Upon
reanalysis of this sample by ITC, however, a much lower gross alpha value was obtained. For
reasons explained in Section 7.1.3 of this report, the second analysis, which indicated a gross
alpha level of 19.3 + 8.6, is considered to be more valid.

5.0 SOIL BORINGS/DOWNHOLE GAMMA LOGGING

Soil borings were advanced at seven (7) locations at the site to observe and assess
subsurface soil conditions to the depth of the groundwater table. Additionally, gamma radiation
was measured inside each borehole to provide vertical profiles of radiation levels.

5.1  Ficld Investigation

Soil borings were advanced to the groundwater table at seven locations shown on Figure
6, using an ATV-mounted hollow-stem auger drill rig. Samples were retrieved using a 3-inch

diameter continuous sampler. Downhole drilling equipment was decontaminated between borings
by pressure washing with water.

Geological observations made of the retrieved soils were maintained on Soil Boring Logs
presented in Appendix D. Retrieved soils were field screened for VOCs with a photo-ionization
detector, and for radiation levels with a G-M type survey meter.

Gamma radiation levels were measured inside the auger stem using an Eberline ESP-2
Tfatemeter and shielded SPA-3 scintillation detector. The detector was advanced in six-inch
Increments to depths approaching groundwater. Gamma logging measurements are shown in
Tables 7-101 through 7-107, with graphical presentations in Figures 7-101 through 7-107.
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5.2  Investigation Results

Borings depths ranged from 15 to 25 feet depending on the depth to groundwater. Soil
types varied from silty to sandy silt, typically becoming coarser with depth. Some stiff siit or
clay was noted. No volatile compounds were detected at any depth in any boring. Radiation
levels were consistent with background levels.

All gamma logging data was consistent with background levels.

6.0 WATER R

Groundwater monitoring wells were installed in each of the seven (7) soil borings at the
locations shown on Figure 6. Well construction details are described in Section 6.1 and
diagramed in Appendix E. Ten samples were collected for laboratory analysis according to the
techniques discussed in Section 6.2. Analytical results are discussed in Section 6.3.

6.1 Monitoring Well Installation

As described in Section 5.0, soil borings were advanced by hollow stem auger. Upon
completion of each boring, a 10-foot length of 2-inch diameter 0.010 slotted PVC well screen
was placed to the bottom of the boring. PVC riser pipe was extended above the ground surface.
A sand filter-pack was placed about the well screen as the auger flights were gradually removed
from the borehole, typically to 2-feet above the top of the screened interval. A 1.5 - 2 feet thick
bentonite pellet seal was placed above the sand pack. In wells MW101 and MW102, a cement
slurry with a bentonite additive was placed from the top of the seal to a few feet below ground
surface. At all wells, a cement-aggregate mixture was placed to the ground surface to secure

. the steel well protector, and to form a small concrete pad to deflect surface water away from
_the well. The PVC riser was fitted with a PVC screw cap and a padlock was placed on the steel
- protector. Well construction diagrams are shown in Appendix E.

Efforts by drilling contractor Brotcke to develop MW104 on April 12 using a tank of
compressed nitrogen to drive an air-lift system were not successful. On Friday, April 13, 1990,
personnel returned to develop the wells using an air compressor to drive water from the well.
Purging efforts were continued for 30 minutes at each of the four wells (MW101, MW102,

MW!(.)3, and MW104). The three remaining wells were not accessible due to wet ground
N conditions, and were developed by bailing.
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Groundwater sampling was conducted by Dames & Moore personnel on April 17 and 18,
1990. The following procedure was used at each well.

The depth to water from the top of the PVC casing was recorded to the nearest 1/16"
using a chalked steel-tape. Standing water was purged from the well using a disposable
polyethylene bailer (Voss Technologies). After removing one well volume, field measurements
of temperature, pH and specific conductivity were made using a calibrated Hydac meter
(Cambridge Scientific Industries) outfitted with an Orion pH probe. Field measurements were
taken following each subsequent well-volume purged until three successive sets of measurements
fell within the following ranges:

Temperature: +/-0.5°C
pH: +/- 0.1 pH unit
Conductivity: +/- micromhos

Typically, four (4) or five (5) well volumes were sufficient to accomplish stabilization.
Field measurements are summarized in Appendix F. Based on contaminant levels during soil
boring activities, purged water was discharged to the ground surface.

Upon stabilization, water samples were collected for laboratory analysis. Table 8 shows
the volumes collected and preservations used to constitute one sample.

Samples were shipped via Federal Express to the appropriate laboratories for analysis
(MW109 was hand delivered to Envirodyne), under Dames & Moore chain-of-custody
procedures (Appendix B). Organic and inorganic samples were shipped in iced coolers. Each
day, all VOA sample vials were placed in the same cooler, and were accompanied during
shipment by trip blanks (TR-1 and TR-2).

6.3  Investigative Results

Data from organic and inorganic analyses are summarized in Table 9. Data packages
from Southwest Laboratories and Envirodyne Engineers are provided in Appendix C. Data from
the radiological analyses are summarized in Table 10. Data packages from ITC and CEP are
provided in Appendix B.

A review of the organic and inorganic data indicated that pesticides, PCBs, herbicides,
and cyanide were not detected. Several VOCs were identified near or below detection levels.
Methylene chloride was detected at low levels (1-26 ppb) in all samples analyzed by Southwest.
Similarly, acetone was detected (3-17 ppb) in most samples. Both compounds were detected in
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the Southwest QA/QC method blank, and are frequent laboratory contaminants. The absence
of these compounds in the Envirodyne analysis of MW109 (duplicate of both MW102 and
MW108), reinforces the interpretation that the methylene chloride and acetone results are not
accurate. Low levels of 1-1 dichloroethane are indicated in well MW102 and MW109 (3 ppb
and 6 ppb, respectively). Toluene, ethyl benzene, and xylene were indicated in well MW103
in low levels also.

Two BNA (binuclear aromatic) compounds, chrysene and bis (2-ethylhexyl) phthalate,
were also indicated in low levels in four (4) of the monitoring wells. Bis (2-ethylhexyl)
phthalate was present in MW102, MW105, MW106, and MW109D while chrysene was present
only in MW102.

Several metals were detected at low levels as well. Copper and zinc were consistently
indicated in samples analyzed by Southwest. Antimony and nickel were also indicated in
approximately half of the samples by Southwest. EEI/TCT reported the presence of arsenic,
mercury, selenium, and silver in the two samples which they had analyzed (MW109 and
MWI109D). While there is a wide disparity in the metals results presented by the two
laboratories, none of the actual reported quantities are at significant levels to be of concern.

Results of radiological analyses for groundwater samples collected during the Phase II
investigation are reported in Tables 10A through 10D. Due to the propensity of groundwater
samples collected from wells to contain filterable soil particulates which can skew results, all
samples were analyzed as raw unfiltered water and as filtered water using a 0.45 micron filter
medium. All results are reported as picocuries per liter of sample plus or minus the 2 sigma
associated error. Numbers reported as less than (<) the reported value are below the limit of
detectability for the given nuclide and analytical method. All results reported for filtered
samples are indistinguishable from background data as represented by the off-site well water
results of Table 2 in the Phase I report. Further, the filtered data would easily meet all existing
radiological limits established for drinking water by the EPA (40 CFR 141). Of the unfiltered
results four samples (MW-103U, MW-105U, MW-106U, and MW-107U) would not meet the
EPA gross alpha criteria of 15 pCi/l for drinking water, but would meet all other established
limits. However, since raw unfiltered groundwater would not be acceptable as drinking water,
this comparison serves no purpose.

7.0 CONCLUSIONS
7.1 iological Investigation
7.1.1 Overland Gamma Survey

The results of the overland gamma survey discussed in Section 2 of this report clearly
show that all areas surveyed were indistinguishable from ambient radiation levels associated with
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nearby off-site locations. This conclusion is further supported by the results of the unbiased and
composite soil sample analyses which were also indistinguishable from background radionuclide
concentrations for the Phase II investigation area.

7.1.2 Soil

_ As discussed above, all unbiased and composite soil samples collected randomly within
the 23 acres area of investigation, were found to have radionuclide concentrations similar to
those measured for samples representing ambient (background) conditions collected for the
present study, and those collected as background samples for the Phase I investigation. With
regard to the two biased samples (B1 and B2) where contamination is evident, refer to Section
7.1.5 for details.

7.1.3 Sediment

Comparison of sediment samples to background soil samples collected for Phase I and
II shows that all sediment results reported are less than or equal to the corresponding background
concentration with the exception of the gross alpha result reported for sample S4. This sample
was subjected to reanalysis of only the gross alpha parameter by ITC and the result reported to
Dames & Moore, shown in Table 11, was 19.3 + 8.6. The original S4 gross alpha value was
not confirmed by the reanalysis. This makes the initial analytical result a highly suspect data
point, in that, several of the individual nuclides analyzed are alpha emitters, namely U-234,
235/236, 238, thorium-230 and 232 and radium-226. These nuclides are by far the most
abundant alpha emitters in nature and therefore their sum should represent the majority of the
gross alpha activity present. Because the sum of the individual nuclides is only 7.2 pCi/g, and
the analytical techniques used to measure the individual nuclides is more precise than the gross
alpha measurement, especially for a medium such as soil, the gross alpha measurement must be
considered of secondary importance. Further, naturally occurring nuclides which are decay
products of the marker nuclides may add to the gross alpha concentration, but are considered
to be in equilibrium with their parent nuclide and therefore would not add significantly to the
above calculated alpha contributions of the individual nuclides..

7.1.4 Groundwater

As discussed in Section 6.3, groundwater samples were analyzed as unfiltered and filtered
to provide information on the quantity of filterable, and therefore undissolved particulates,
re31.dent in the samples. All results reported in Tables 10A through 10D for filtered samples
easx}y meet EPA drinking water standards for gross alpha (15 pCi/l), gross beta (50 pCi/l) and
radium-226 + 228 of § pCi/l. Further, all unfiltered samples meet these criteria except for the
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gross alpha values reported for sample MW103-U, 17.2; MW105-U, 16.9; MW106-U, 101; and
MW107-U, 202 pCi/l. The gross alpha values reported for these unfiltered samples are also of
secondary importance since the sum of the individual nuclide concentrations fail to confirm the
gross alpha values (see Section 7.1.3).

Groundwater sample MW102 was also subjected to quality assurance checks having a
sample duplicate analyzed and a sample split analyzed by an independent laboratory. The results
of both tests confirm the results of the original analysis as reported by IT Corporation. Most
values for all tests were reported as below the limit of detection. '

y - 4
-

7.1.5 Biased Soil Samples

To provide additional characterization of the two limited hot spot areas identified during
the Phase I study, the survey team was directed to resurvey the original areas, reidentify the
location providing the highest gamma radiation level and remove 2-6" soil samples to a total
depth of 12" to provide preliminary characterization of the nuclides present. These data are
reported in Tables 4B and 4C.

For Area 1 (Tables 4B) the major nuclides identified as significantly above background
are Th-230, Ra-226, U-234, and U-238. These results are confirmed in the sample duplicate
analyzed by ITC and in the sample split analyzed by CEP except for Th-230. The discrepancy
in the results is due to the differences in analytical techniques used by the two laboratories.
Selected analytical results reported for original samples in Table 4B were reanalyzed with results
shown in Table II. The reanalysis confirmed the original test results.

€ -t

-&

For Area 2 (Table 4C), the analytical parameters and major nuclides identified as present
in concentrations more than 3 times background were gross alpha, gross beta, Th-230, U-234,
U-238, and Ra-226.

Again for sample B2A, as for B1A, the duplicate of the original sample analyzed by ITC
confirmed the initial results. The split sample with CEP again did not identify Th-230 in similar
quantities, nor were gross alpha and gross beta results reported by CEP similar to the ITC data.
Both laboratory technique and measurement capability differences are responsible for these
discrepancies. Regardless of the CEP results, any regulatory bodies which would govern clean-
up of the area would consider the highest reported results for regulatory purposes and therefore
the CEP data splits would become meaningless. Further, this round of soil sampling would only
serve to establish the highest potential concentration of nuclides in the area based on surface
gamma radiation results. Further area characterization would be required to determine the
vertical and horizontal extent of the contamination before clean-up activities could proceed. Due
to {he elevated levels of uranium-234 and 238 as well as radius-226 in these biased samples it
1s likely that this material originated from the West Lake Landfill property and found its way
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During the course of the Phase II investigation of the Earth City property, several
different classes of both organic and inorganic contaminants were tested for in adjacent surface
soils, groundwater, and drainage ditch bottom sediment. Organic contaminants tested for
included total petroleum hydrocarbons (TPH), semi-volatile organics, pesticides, PCBs,
herbicides, and volatile organics (VOCs). Inorganic contaminants tested for included metals and
cyanide.

7.2.1 TPH

Surface soil composite samples (2) collected from areas adjacent to the West Lake
Landfill had TPH levels below background. Sediment samples (2) collected from the bottom
of a ponded area near the St. Charles Rock Road and from beneath the outlet of a landfill
surface water drain, likewise had TPH levels below background.

7.2.2 Semi-volatiles

Low level concentrations (10-50 ppb) of several semi-volatile organic compounds were
detected in both surface composite soil samples. Their presence is attributed to the sampling
technique, which involved mixing the composite inside a plastic zip-lock bag. Plastic bags of
this type often contain residual low level semi-volatiles. The sediment samples likewise
contained low level semi-volatiles (10-19 ppb) which can be attributed to sampling technique.

Two semi-volatile BNAs, chrysene and bis (2-ethylhexyl)phthalate were detected in levels
near or below detection limits in one and three monitoring wells, respectively, and do not
represent a significant environmental concemn,

7.2.3 Pesticides, PCBs, Herbicides, Cyanide

med There were no detectable levels of any of these contaminants in any of the three sampling
media.

D&M Job No. 19943-002-045
June 14, 1990
14

WLLFOIA4312 - 015 - 0172775



{
.

hl I N} -

et

—

T e pm m m

— [ TN
- |

-

-k

[ -

-y

7.2.4 VOCs

Volatile organics were tested for only in the eleven (11) groundwater samples. Two (2)
VOCs, methylene chloride and acetone, were present in low concentrations in virtually all
groundwater samples tested. These samples were analyzed by Southwest Laboratory and both
of these VOC components, which are frequent laboratory contaminants, were detected in
Southwest’s QA/QC method blank. Consequently, this provides further evidence that the results
for these contaminants are due to background contamination from the laboratory environment
and as such, are not valid. '

7.2.5 Metals

For both the soil sample composites (2) and the sediment samples (2), all metals detected
do not vary significantly from background levels. Groundwater samples were analyzed by two
separate laboratories: Southwest Laboratory and EEI/TCT. Low concentrations of copper, zinc,
antimony, and nickel were detected by Southwest while EEI/TCT detected very low levels of
arsenic, mercury, selenium, and silver. None of the levels detected represent a significant
environmental concern.
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" Table 1A

SUMMARY OF GAMMA RADIATION FIELD MEASUREMENTS

FOR FORD,EARTH CITY RADIOLOGICAL SURVEY
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Table 1B

SUMMARY OF GAMMA RADIATION FIELD MEASUREMENTS
FOR FORD, EARTH CITY RADIOLODGICAL SURVEY
EARTH CITY, MISSOURI

NORTHWEST GRID

MICROREM/HOUR AT 1 METER, AND 1 CM ABOVE GROUND SURFACE '
CE&W) WO w12 w25 w50 W0 W70 uBO W90
AR RR PR FRR SRR RRAEARET AR SRR ERNT RN NN ECWERECEN R AN RN T RN TR IRV
(NES)
S17 | PHASE 1 SURVEY| LAGOON| PHASE I SIRVEY| 6,5 | 6,6 | 5,5 | s/8
s16 AREA LAGOOK AREA 551 7,7 6,6 | s/8
515 LAGOON 66| 6,6 5,7| s/
s14 LAGOON 6,7 5,5} 6,6 | s/8
s13 LAGOON 66| 65| 5,5/ s/8
s12 LAGOON 66| 6,6 5,6 s/8
s11 LAGOON sS1| 7,7 5,5| s/8
s10 LAGOON 55 66| 55| ss8
59 LAGOON s5] 66| 67| ssm
s8 LAGOON 66 6,6 5,6 ss8
s7 . LAGOON 7.61 6,6 67| s/m
13 LAGOON 671 6,6 6,6 | s/
s5 LAGOON 78| 76| 6,6 ss8
4 LAGOON 761 2,7 671 ss8
s3 LAGOON s,6| 7,7 s.6 ] s/
s2 LAGOON 65| 7,7 5.5 s/
s1 LAGOON 761 7,6 7.7 s
so s.6| 65| 67| s/8
NG 5,6 6,7 7.6 | 6,5 86| 67| s/8
N1 5,6 7.6 | LaGoon| 6,6 | 6,5 7.6 1 6,6 s/
N2 5,5 7.7 | LAGOOR| 7,7 7,7 | 7.7] 67 s/
N3 5,6 6,7 | LAcooN] 5,7 | 6,7 7.61] 1,61 s/B
" 5,7 7,7 | LAGOON| 6,6 5,5 661 67| s/
NS 6,6 6,8 | LAGOON| 6,5 6,5 65| 7.8 s/8
N6 6,5 8,6 | tacooN| 7,7 | 5.5 7.7 5.5 s/8
N7 | 6,6 | 6,6 |LaGOON] 7,7 | 46,6 | 6,8 66| s/B
N8 6,5 7,8 | LAGoON| 6,6 67 ) 7.6) 5,6 /8
N9 5,5 6,6 |waeoonl 7,7 | 7.7 | 6,6 65| s/8
N0 | 6,7 8,7 | LacooN| 7,7 | 6.5 7.7 s.6| s/8
N1 | 7,7 7,7 | LAcoon| 5,6 66 | T.61 7.7 s/
N2 | 6,7 7,7 | tacoow| 5,5 | 7.8 55| 7,8 ss8
N3 | 5,6 6,7 | LAGOON| S,5 67 | 66} 55| ss8
NG| 6,6 8,6 | Lacoon| 7,7 | 7,7 | 7.6 6,6 s/

s/8 s/8 s/8 s/8 $/B S/B
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Table 1C

SUMMARY OF GAMMA RADIATION FIELD MEASUREMENTS
FOR FORD, EARTH CITY RADIOLOGICAL SURVEY
EARTH CITY, MISSOURI

WESTERN GRID

MICROREM/HOUR AT 1 METER, AND 1 CM ABOVE GROUND SURFACE

(E&W) WO WI5 WS W36 Web

P2 2222212212123 2222 a1t sl i a2l islaleslildllil]]
(NES) /8

n | 5,5 | 65 |Lacoon| 5,5 | 7.6 | s/ ,
N1 5,5 | 6,5 | LacooN| 6,7 | 6,5 | s/8
%2 | 5,5 | 6,6 | LacooN| 5.5 | 6,7 | s/8
W3 | 6,6 | 6,5 | Lacoon| 7.6 | 7,7 | s
w | 6,6 | 6,6 | tacoox| 6,5 | 5.5 | s/
N | 5,5 | 7,6 | Ltacoon| 5,5 | 7,6 | s/
ne | 6,5 | 6,5 | tacoon| 5,5 | 8,7 | s/
w7 | s,5 | 5,5 | Lacoon| 7,7 | 7.6 | ssB
N | 5,6 | 65 | acoon| 7,8 | 7,7 | s/
% | s,5 | 7,6 | tacoon| 5,6 | 6,7 | ss8
X0 | 5,5 | 6,6 | Lacoon} 5,7 | 7.8 | ss8
N1 | 6,6 | 7.6 | Lacoon| 6,7 | 6,7 | ss8
N2 | 5,5 | 66 | tacoon| 7,7 | 5,5 | s/
N3 | 45 | 66 |tacoon| 7,6 | 5,6 | s/
M6 | 4,6 | 7,7 | wacoon| 5,6 | 5,5 | /8
N5 | 5,6 | 7.6 | acoon| 6,6 | 6,5 | s/
N6 | 6,6 | 65 | tacoon| 5.6 | 7,6 [ s
K7 | 6,5 | 6,6 | Lacoon| 5,5 | 6,5 | s/
N8 | 6,6 | 7.6 | LacooN| 7,6 | 5,5 | s/8
N9 | 6,6 | 8,7 | acoon| 6,7 | 5,5 | /8
N20 | 5,6 | 6,5 | LAcoon| 7,6 | 5,6 | s/8
N21 5,6 | 6,5 | Lacoon| 5,6 | 7,8 | s/8
N2 | 5,5 | 6.6 | Lacoon| 5,6 | 6,6 | s/
N3 | 6,5 | 7.7 | LAcooN| 5,5 | 6,7 | s/
w2 | s,6 | 8,7 | wcoon| 5,5 | 7,6 | s
N | 5,5 | 5,5 | tacoon| 5,5 | 6,6 | ss8
N6 | 6,5 | 6,6 | tacoon| 5,5 | 7,7 | ss8
N7 | 5,5 | 7.7 | tacoon| 8,7 | 6,6 | ss8
N8 | 4,6 | 6,6 | Lacoon| 7,6 | 7,7 | s/
%9 | 45 | 5,5 | cacoon| 6,6 | 7,6 | ss8
N30 | 6,5 | 6.6 | Lacoon| 7,6 | 6,7 | s
N31 55 | 6,6 | LAcooN| 7,6 | 7,6 | s/8
N32 | 5,6 | 7.6 | LAcoon| 6,6 | 7,7 | s/
N33 | 5,5 | 7.6 | Lacoon| 6,6 | 6,7 | s/
N3 | s,6 | 6,6 | tacoon| 7,7 | 5,5 | ss8
N35 | 4,4 | 7.7 | tacoon| 6,6 | 7,7 | s/
N36 | 4,6 | 6,6 | Lacoon| 7,7 | 5,5 | s/
w7 | 5,5 | 7,6 | tacoon| 6,6 | 6,7 | s/
n38 | 4,4 | 5,5 | tacoon| 6,7 | 5,5 | ss8
w9 | 5,6 | 6,6 |tacoon| 8,6 | 6,7 | s/8
N0 | 6,6 | 7,6 | tacook| 7,7 | s,6 | s/
NG1 5.6 | 5,5 | Lacoon| 6,6 | 6,6 | s
w2 | 45 | 5.5 | Lacoon| 7,6 | 5,5 | s/8
N3 | 4,5 | 5.5 | Lacoon| 6,6 | 6,7 | s/
nes | 5,5 | 65 | tacoon| 7.8 | 5,5 | s
ns | 5,5 | 6,6 | tacoon| 7,6 | 7,6 | s/8
N6 | 4,5 | 6,7 | tacoon| 6,5 | 6,6 | s
%7 | 5,5 | 6,6 | Lacoon| 6.7 | 6,5 | s
w8 | 5,5 | 6,7 | tacoon| 6,5 | 7,7 | s/
wo | 65 | 66 | wcoon| 7,7 | 6,5 | s/
NSO | 5,5 | 6,5 | tacoon| 6.5 | 6,6 | s/B
N1 | 6,6 | 5.5 | tacoon| 7,7 | 7.6 | s/8
ns2 | 6,5 | 6,5 | Lacoon| 7,7 | 6,6 | s/
N3 | 6,5 | 5.5 | Lacoon| 7,6 | 7,6 | s/B
ws¢ | 5,4 | 7,7 | wcoon| 7,7 | 5,5 | s/8
NS5 | s,5 | 6,6 | Lacoon| 5,5 | 5.6 | s/

s/8 $/8 S/8 S/B /B
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Table 2

Volumes & Preservatives
B8oil & Sediment Samples

Parameters No. | size Type __| Preserv
TPH 1 100 ml glass none
Semivolatiles 1 500 ml glass hone
Pesticides

Herbicides

Metals 1 200 ml polyethylene none
Cyanide

Radiologic 1 500 gram plastic bag none
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Table 3

organic & Inorganic Data Summary

S8o0il Ssamples

—— e ———

Parameter Units | BKG COMP1 | COMP2
TPH mg/kg | ND ND ND
TPH - Misc mg/kg | 14.9 5.1 5.1
Semivolatiles !
Benzoic Acid ug/kg | ND ND 30
2-Methylnaphthalene ug/kg | ND ND 10
Phenanthrene ug/kg | ND ND 30
Di-n-butylphthalate ug/kg | ND ND 50
Fluoranthrene ug/kg | ND 30 50
Pyrene ug/kg | ND 30 30
Butylbenzylphthalate ug/kg | ND ND ND
Bis(2-Ethylhexyl)phthalate ug/kg | ND ND ND
Pesticides/PCBs ug/kg | ND ND ND
Herbicides ug/kg | ND ND ND
Metals

Arsenic mg/kg 5.8 5.89 7.41
Lead mg/kg | 17.4 13.6 15.9
Mercury mg/kg | ND ND ND
Selenium mg/kg | ND ND ND
Thallium ; mg/kg | ND ND ND
Antimony ; ng/kg 6.9 ND 7.4
| Beryllijum | mg/kg | ND ND ND
Cadmium mg/kg 1.1 ND ND
Chromium ng/kg | 14.5 18.1 15.5
Copper mg/kg | 24.0 22.8 25.0
Nickel mg/kg | 18.0 18.3 19.2
Silver mg/kg | ND ND ND

| Zinc mg/kg | 61.6 |62.4 |57.4
Cyanide _ ug/kg | ND ND ND

WLLFOIA4312 - 015 - 0172781



Table 4A

Radiologic Data Susmary
Unbiased Soil Samples

UBS ' usé “

Parameter Units BXG us1 us2 uB3 usé
Type " Background investigative investigative investigative investigative investigative investigative ’l
Depth 0-6" 0-6" 0-6" 0-6% 0-6% 0-6" . 0-6%
Laboratory 17C 17C 17C 17C 1TC 17C 17C
Gross Alpha pCi/g | 33.0 +/- 11.4 23;6 +/- 9.9 | 26.0 +/- 10.1 | 25.8 +/- 10.1 | 20.0 +/- 8.5 | 18.3 +/- 8.3 | 27.5 +/- 9.9
Gross Bets _pCi/g | 27.9 +/- 9.6 | 23.5 ¢/- 8.5 | 30.0 +/- 11.1 | 31.1 +/- 10.9 | 29.0 +/- 9.9 | 25.6 +/- 9.7 | 25.1 +/- 8.0
Uranium-234 pCi/g 1.1 +/- 0.3 1.3 +/- 0.3 1.2 +/- 0.3 0.9 +/- 0.2 1.0 +/- 0.2 1.3 4/~ 0.3 1.2 +/- 0.3
Uranium 235,236 | pcizg | < 0.6 0.6 0.6 <0.6 <0.6 0.6 0.6
Urenius 238 pCi/g 1.1 +/- 0.3 1.0 +/- 0.2 1.2 +/- 0.3 0.9 ¢/- 0.2 0.7 +/- 0.2 1.0 ¢/~ 0.2 1.2 +/- 0.3
Thorium 230 pCi/g 3.6 +/- 0.6 2.5 +/- 0.5 1.8 ¢+/- 0.4 2.2 +/- 0.5 2.1 +/- 0.4 3.0 ¢/~ 0.7 2.5 +/- 0.5
Thor {um-232 pCi/g 1.5 ¢/- 0.3 1.0 +/- 0.3 1.2 +/- 0.3 1.2 +/- 0.3 1.1 ¢/- 0.3 1.6 +/- 0.4 1.2 +/- 0.3
Potassium-40 _pCi/sg | 18.1 +/- 2.9 9.9 +/- 1.4 11.7 +/- 1.6 14.6 +/- 1.9 17.7 +/- 2.9 18.6 +/- 3.0 19.7 +/- 3.2
| Cesium-137 pCi/g < 0.2 0.3 +/- 0.05 0.3 +/- 0.06 0.2 +/- 0.06 <0.2 <0.2 0.2 +/- 0.05
" Radium-226 pei/g 1.1 +/- 0.1 1.0 +/- 0.1 1.2 +/- 0.1 1.2 +/- 0.1 1.1 +/- 0.1 1.1 +/- 0.1 1.2 +/- 0.1
" Rodium-228 pCi/g 1.3 +/- 0.2 1.1 +/- 0.1 1.2 +/- 0.2 1.2 ¢/- 0.2 1.4 +/- 0.2 1.6 +/- 0.2 1.5 +/- 0.2
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Table 48
Radiologic Data Sumsary
Area Bl Bissed Soil Samples

Parameter Units BKG BI1A B81A 818 314 “

Type Background lnve-stlgatlve split of B1A dupt. of BIA investigative ]I

Depth 0-6% 0-6% 0-6% 0-6% 6-12» “

Laboratory 17C 17C CEP 17C 17C

Gross Alpha pCisg | 353.0 +/- 11.4 | 1650 +/- 340 | 44.6 +/- 1.8 | 1980 +/- 400 | 1810 +/- 370 “

Gross Beta pCisg ] 27.9 +/- 9.6 313 +/- 66 | 21.2 ¢+/- 0.6 304 +/7- 64 274 ¢/~ 58 1
| Ureniue-234 pCi/g 1.1 ¢/- 0.3 | 7.9¢/- 1.0 4.2 +/- . 0.5 6.3 +/- 1.1 7.4 ¢/~ 1.0

Uranium 235/236 pCi/g < 0.6 <0.6 0.6 +/- 0.2 <0.6 <0.6

Uranium 238 pCi/g 1.1 +/- 0.3 6.9 +/- 0.9 1.6 +/- 0.3 6.3 +/- 1.1 7.0 +/- 1.0
Thorium 230 pCi/g 3.6 ¢/- 0.6 | 1580 +/- 370 <0.2 1390 +/- 270 | 1430 +/- 360
Thorium-232 i/9 1.5 ¢/- 0.3 5.1 +/- 1.6 1.0 +/- 0.2 4.1 +/- 1.1 6.7 ¢/~ 2.2
Potassium-40 pCifg { 18.1 /- 2.9 12.4 +/- 2.2 11.1 +/- 1.4 6.8 +/- 1.5 11.6 +/- 2.0
Cesium-137 pCisg < 0.2 <0.2 0.1 +/- 0.1 0.2 0.3 +/- 0.1
Radium-226 pCi/g 1.1 +/- 0.1 39.5 +/- 3.3 L1.4 +/- 0.4 29.6 +/- 4.5 24.0 +/~ 3.7
. Radium-228 pCi/g 1.3 +/- 0.2 1.0 +/- 0.3 «0.1 1.0 +/- 0.3 1.3 +/- 0.3
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Table 4C
Radiologic Data Susmary
Arca B2 Biased Soit Semples

——_____ —

Parameter Units B8KG B2A B2A - 828 82C “

Type Background investigative | split of 82A dupl. of B2A investigative “

Depth 0-6% 0-6" 0-6% 0-6" 6-121 “

Laboratory 17C 17C CEP 17C 17C

Gross Alpha pCi/g | 33.0 /- 11.4 ) 7810 +/- 1570 ] 199 +/~ 2.4 | 5560 +/ 1120 1080 +/- 220 l
- Gross -Beta pCisg | 27.9 +/- 9.6 969 +/- 197 34.5 +/- 0.5 776 +/- 159 149 +/- 35
Uronium-234 pCi/g 1.1 +/- 0.3 ] 18.0 0/-- 2.6 | 4.6 +/- 0.8 | 11.34/- 1.5 2.0 +/- 0.3
Uranium 235/236 pCi/g < 0.6 2.1 +/- 0.4 0.2 ¢«/- 0.1 <0.6 0.7 +«/- 0.2
Uranium 238 pti/g 1.1 +/- 0.3 | 11.4 ¢/- 1.6 2.4 +/- 0.3 4.5 +/- 0.9 2.1 +/- 0.4
Thorius 230 pCi/g 3.6 +/- 0.6 | 3720 +/- T80 <0.2 2820 +/- 580 574 +/- 113
Thor iue-232 pci/g 1.5 +/- 0.3 4.5 +/- 1.3 1.3 +/- 0.5 ] 13.1 +/- 3.0 1.2 +/- 0.5
Potassiun-40 pCi/zg | 18.1 +/- 2.9 9.6 +/- 1.8 9.2 +/- 3.3 9.2 +/- 1.7 9.5 +/- 1.6

Cesium-137 pcizg | <o0.2 <0.2 0.1 <0.2 <0.2

Radium-226 pci/g 1.1 +/- 0.1 15.1 +/- 1.9 132 +/- 8.0 ] 59.3 +/- 4.7 9.9 +/- 1.6

Rodium-228 pc'ilg 1.3 +/- 0.2 1.3 +/- 0.4 | 150 +/- 38 1.2 +/- 0.3 1.0 +/- 0.2 ‘"
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Yable 40
Radiologic Data Summary
Composite Sofl Samples

Paraseter Units BKG CoMP1 CoMP2
Type Background investi git ive | investigative ll
Depth 0-6" 0-6* 0-6~
Laborator 17C 17C 17C “
Gross Alphs pCi/sg | 33.0 +/- 11.4 15.0 +/- 7.1 18.4 +/- 8.2 "
Gross Beta peifg | 27.9 +/- 9.6 | 25.5 +/- 10.1 | 21.8 +/- 9.8
Uronium-Z34 pCizg | 1.t +/- 0.3 1.0 +/- 0.3 1.0 +/- 0.2
Uranium 235/236 pCi/g < 0.6 <0.6 <0.6
Uronium 238 pCizg | 1.1 +/- 0.3 | 1.0+/- 0.3 | 0.8+/- 0.2 |
Thorium 230 _pCi/g 3.6 +/- 0.6 2.2 +/- 0.5 2.4 +/- 0.4
Thor i ue-232 pCi/sg 1.5 +/- 0.3 1.3 #/- 0.3 1.2 +/- 0.3
Potass jum-40 pCizg | 18.1 +/- 2.9 | 10.1 +/- 1.4 | 18.2 +/- 2.9
Cesius-137 pcizg | <o0.2 <0.2 <0.2
Radiun-226 gCiLg. 1.1 +/- 0.1 1.1 +/- 0.1 1.2 +/- 0.1 i
[|_vedim-228 pei/e | 1.34/- 0.2 | 1.2+/- 0.2 | 1.3+/- 0.2 "
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Table 5
_ ‘ Oorganic & Inorganic Data Summary
; ' : Sediment Samples
e : — — —— | —— ]
parameter Units | BRG 83 84

TPH : _ mg/kg | ND ND ND
TPH - Misc mg/kg | 14.9 12.0 6.3
Bemivolatiies : |
Benzoic Acid i ug/kg | ND 35 140
2-Methylnaphthalene ' ug/kg | ND ND ND
| Phenanthrene ug/kg | ND 30 40

Di-n-butylphthalate i ug/kg | ND 10 100
Fluoranthréne ug/kg | ND 40 ND
Pyrene ug/kg | ND 50 30
Butylbenzylphthalate ; ug/kg | ND ND 50
Bis(2-Ethylhexyl)phthalate ug/kg | ND ND 190
Pesticides/PCBs - ug/kg | ND ND ND
Herbicides ; ug/kg | ND ND ND
Metals ' _
Arsenic , ng/kg 5.8 2.12 5.6
Lead l , ng/kg | 17.4 |12.4 -|17.8
Merqug ' mg/kg | ND ND 0.18

| Selenium | mg/kg | ND ND ND

Ll‘hallium mg/kg | ND ND ND

l&nﬁimony | mg/kg | 6.9 |ND 6.7

Beryllium mg/kg | ND ND ND

Cadmium mg/kg 1.1 ND ND
Chromium

mg/kg | 14.5 5.5 13.1
Copper mg/kg | 24.0 15.2 23.0
Nickel mg/kg | 18.0 9.7 | 16.3
mg/kg | ND ND | ND
mg/kg | 61.6 32.8 ' 56.8
_ _ ug/kg | ND | ND ND
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Table 6

Radiologic Data Summary
Sediment Samples

Parameter tnits 8X6 s s2 s3
' L Type Backérou;! . inxrrestri»ga_tive jnvestigative | fnvestigative fnvestigative \
" CGepth 0-6» 0-6* 0-6* 0-¢* 0-18# '
Laboratory 1TC 17C 1TC 1TC 17C
Gross Alpha pLi/g 33.0 ¢/- 11.4 32.1 ¢/- 11.8 17.4 +/- 7.7 | 23.2 +/- 9.1 219 +/- 50
l Gross Beta pCi/g 27.9 +/- 9.6 26,7 +7- 11.0 25.7 +/- 9.1 17.9 «/- 7.6 27.3 ¢/ 9.4
" Uranium-234 pCi/g 1.1.+4/-. 0.3 .1 1.0 +/- 0.3 ] 1.0 +/- 0.3 0.7 +/- 0.2 1.1 +/ 0.3
ILUrmit- 35/236 pCi/g < 0.6 <0.6 <0.6 <0.6 <0.6
| Uranium 238 pCi/g 1.1 +/- 0.3 0.9 +/- 0.2 1.1 +/- 0.3 0.8 +/~ 0.2 0.6 +/- 0.2
Thorium 230 pCi/sg 3.6 +/- 0.6 1.3 +/- 0.3 2.3 ¢+/- 0.4 2.6 +/~ 0.4 2.4 +/- 0.5
Thor iue-232 pCi/g 1.5 ¢/- 03 | 1.0¢/- 03 | 1.2¢/- 0.3 ] 0.7+/- 0.2 | 1.14/- 0.3
Potassium-40 pCi/g 18.1 +/- 2.9 17.7 +/- 3.0 S.1 ¢«/- 1.0 10.2 +/- 1.4 10.9 +/- 1.5
Cesium-137 pCi/g < 0.2 <0.2 .07 +7- .03 | <0.2 <0.2
"Jadiurzzb pCi/g 1.1 +/- 0.1 1.2 +/- 0.2 1.2 +/- 0.1 0.8 +/~ 0.1 1.2 +/- 0.1
lLladil-ZZB pCisg 1.3 +/- 0.2 1.2 +/- 0.3 1.3 0/;10.2 0.6 +/- 0.1 1.3 +/- O.ZJI
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TABLE 7

i

FORD (EARTH CITY), PHASE I1 PROPERTY EVALUATION
DOMNHOLE GAMMA LOGGING RESULTS

DEPTH 1 WELL WELL WELL WELL WELL MELL WELL
(6™ INTERVALS)| WNITS MJ-101] Mu-102] WJ-103] my-104| MJ-105] Mu-108| Md-107

6. A CNTS/MIN| 3600 4000 4000 3900 3700 3800 3600
12 B CNTS/MIN] 4000 4200 4000 4200 3600 3800 4000
18 c CNTS/MIN| - 4000 4200 4000 4400 3800 3800 3600
24 D CNTS/MIN| 4000 4200 4000 4400 4000 4400 3800
30 E CNTS/MIN| 4200 4300 3200 4500 4000 4400 3800
36 F CNTS/MIN| : 4000 4200 4000 4700 4000 4000 1600
42 G CNTS/MIN{ 4000 4200 4000 4500 4000 4000 2800
48 H CNTS/MIN| 3600 3900 4000 4000 4300 4000 1400
54 . I CNTS/MIN| 3400 3700 4000 3300 4000 4000 5400
60 J CNTS/MIN| 4000 3800 4000 4000 3500 3200 1800
66 K CNTS/MIN| 4000 4000 4000 4000 3600 4200 ;800
72 L CNTS/MIN|, 3800 3700 4000 4300 3800 4400 4000
78 N CNTS/MIN] 3700 3700 4000 4300 3800 4400 +000
84 N CNTS/MIN| - 3700 3700 4000 4300 3700 4400 %200
90" Y CNTS/MIN| 3500 3800 4000-| 4000 3800 4200 %000
96 P CNTS/MIN| 3600 3700 3100 4000 4000 4000 4200

102 Q CNTS/MIN| 3400 3700 3400 4000 4000 4200 4000
108 R CNTS/MIN| 3400 3700 4000 4000 4000 4000 | WATER
114 S CNTS/MIN| 3200 3600 4000 3300 3300 4000

120 T CRTS/MIK| 3500 3300 3600 3600 3600 | WATER

126 U CNTS/MIN]| 3400 3200 3700 3900 3900

132 v CNTS/MIN] 3400 3000 3400 3900 3900

138 L] CNTS/MIN| 3500 3000 3600 3700 3700

144 X CNTS/MIN| 3600 3000 3600 3700 3700

150 Y CNTS/MIN| 3400 3000 | WATER | WATER | WATER

156 z CNTS/MIN| 3300 3000

162 AA CNTS/MIN]| WATER 3100

168 A8 CNTS/MIN 3100

174 AC CNTS/MIN WATER

!

Readings are in gross counts per minute without background subtracted.
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Table 8
Volumes & Preservatives
Water Samples

Parameteré . No. | Size Type Preserv
VOAS 2 40 ml glass HC1l
semivolatiles 1 2 liter amber glass none
pesticides/PCBs 1 1 liter amber glass none
Herbicideé 1 1 liter amber glass none
Metals 1 250 ml polyethylene HNO,
Cyanide 1 500 ml polyethylene NaOH
Radiologic 1 4 liter plastic HNO,
(Filtered)

Radiologic 1 4 liter plastic HNO,
(Unfiltered) 1 - |
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Table 9
Organic & Inorganic Data Susmary

\Mater Samples

” PARAMETER UNITS | mw-101 | mw-102 | mu-103 | ww-104 | #w-105 | me-106 | wv-107 | mu-108 | Mu-109 | mu-1090 | wu-110

" Type inv inv inv inv inv inv inv 102 102 102 rinse

" Laboratory SW L) M- W - -SW Su- sWw. . .| .su EEl EEl SW
VOCs (selected)
Methy(ene Chloride ppb 18 8 16 8 26 8 1 J8 18 B8 19 8 16 8 15 8 ND ND 16 B
Acetone ppb S J ND 178 5 JB 6 J () 34 ND ND WD 4 J8
1-1 Dichloroethane ppb ND 3 ND ND ND ND ND ND 6 ND ND |
1-1 Dichloroethene _ppb ND ND ND ND ND ND D 3J ND ND ND "
Toluene ppb ND ND 8 ND ND ND ND ND ND WD ND
Ethyl Benzene ppb ND ND 24 ND ND ND ND ND ND ND ND
Xylene | ppb ND ND 10 ND ND ND ND ND ND ND ND
Semivolatiles (selected)
0i-ethylphthalate ppb ND ND ND ND ND ND ND ND ND ND 84
Bis(2-ethylhexyl)phthalate | ppb | ND 2 J8 ND ND 24 27 ND ND ND 1% ND
Chrysene ppb | ND 1J ND ND ND ND ND ND ND ND ND "
Pesticides/PCBs ppb ND ND ND D ND ND ND ND ND ND ND
Herbicides ppb ND ND ND ND ND ND ND ND ND ND ND
Metals (selected)
Ant imony ppb ND ND 34.5 ND ND 46.7 33.1 36.5 ND ND ND
Arsenic ppb ND ND ND ND ND ND ND ND 3.1 2.5 ND
Connar pob 152 326 43 131 73 80 62 81 ND ND 102
Mercury ppb XD ND ND ND ND ND ND ND 0.48 ND ND
Nickel ppb ND 13.8 ND ND ND ND 10.9 1% W ND ND
Setenium ppb ND ND ND ND ND ND ND ND 1.3 ND ND
Silver ppb ND ND ND ND ND ND ND HD 1.1 ND ND
Zine ppb 102 52.8 34.1 40.7 489 56.4 43 44.5 ND ND 40.5
Cyanide ppm ND ND ND ND ND ND ND ND ND ND ND
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Table 10A

Radiologic Data Summry

Vater Samples
Para=cter ) Units Wm1o1-u mi102-u mi102-F NW103-y M103-F
Type ln.v-estigative lenvrestiga_tlve | investigative “investigative | investigative ] investigativa
Unfiltered Unfiltered Filtered Unfiltered Filtered ﬁ]i
Laboratory 17C 17C 17C 17C 17C “
Gross Alpha _ptist | < 10.0 < 8.1 < 2.3 17.2 +/- 9.6 | < 7.0
Gross Beta pCisl ] 26.1 ¢/- 8.4 7.1 +/- 5.5 < 8.4 23.4 +/- 10.1 <13.4
Uranium-234 _pci/n 9.1 +/- 1.8 1.4 +/- 0.4 2.4 +/- 0.6 1.3 +/- 0.2 5.1 ¢+/- 0.9
élranhn 235/236 | pLi/l 1.4 +/- 0.6 < 1.0 < 1.0 < 1.0 < 1.0
Urenium 238 pCi/t 8.6 +/- 1.7 1.3 +/- 0.4 1.6 +/- 0.5 1.2 +/- 0.2 3.6 ¢+/- 0.7 "
Thorium 230 pcist 1.0 +/- 0.4 < 1.0 < 1.0 1.2 +/- 0.5 1.6 +/- 0.5
Thorius-232 f7l | < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
Potassium-40 pCisl. | <130 <140 <180 <150 <180
Cesium-137 pcist | <20 < 20 < 20 < 20 < 20 "
Radium-226 pCi/sl < 1.0 < 1.0 < 1,0 < 1.0 < 1.0
| Radium-228 pci/st | < 3.0 :E_y < 3.0 1< 3.0 < 3.0
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Table 108

Radiologic Data Summmary

Uater Samples
— — - e
Parameter units m104-U ___MI104-F mi105-u M105-F MmI106-u M106-F
. Tvne investigative Imestlﬁa_tiﬁ 7investi>g;ti;ve ‘ inv;s-tigi!tive “fnvestigative [ investigative-
Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered
Laboratory 17C 17€ 1TC 11€ 1TC 17C

Gross Alphs pCizl 1 11.64 +/- 7.4 | < 2.0 16.9 +/- 8.3 | < 10.1 101 +/- 23 < 10.2

Gross Beta pcizt | 18.7 ¢/ 7.4 | < 8.3 14.5 +/- 9.1 7.32 ¢/- 5.6 | 29.5 +/- 12,2 | < 16.0

Uranium-234 pcist 3.8 +/- 0.7 2.0 /- 0.5 ] < 1.0 1.3 «/- 0.3 2.2 +/- 0.5 3.8 +/- 0.6
|_Ursnium 235/236 peist | < 1.0 < 1.0 < 1.0 < 1.0 < J.0 < 1.0

Uranium 238 pCist 2.7 ¢/~ 0.6 1.1 +4/- 0.4 | < 1.0 < 1.0 1.4 +/- 0.4 2.7 +/- 0.5

Thorium 230 pci/l 2.0 +/- 0.6 | < 1.0 < 1.0 < 1.0 .5 +/- 1,2 | <« 1.0 "

Thor ium-232 pCist 1.5 ¢+/- 0.6 < 1.0 < 1.0 < 1.0 6.1 +4/- 1.5 < 1.0 "

Potassium-40 pCizl I <140 104 +/- 60 145 +/- T4 <140 283 +/- 114 <140

Cesium-137 pCi/t ] < 20 < 20 < 20 « 20 < 20 < 20

Radium-226 pciszt { < 1.0 < 1.0 < 1.0 < 1.0 1.4 +/- 0.3 1.1 «/- 0.3

Rodium-228 pcizt | < 3,0 « 3.0 « 3.0 < 3.0 < 3.0 < 3.0 "
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Tabte 10C
Radiologic Data Summary

\Vater Semples
Parameter Units M107-u M107-F MW108-U mi108-F K109-u w109-F 4‘
__Type _investigative | investigative | dupl. m102-u | dupt: M¥102-F- | split M4102-u | split moz-ﬁ
Unfiltered Filtered Unfiltered Fittered tnfiltered Filtered i

Laboratory 17C 17C 11C 17C CEP CEP
Gross Alphs pcist 202 +/- 36 < 10 < 7.5 < 10.6 < 2.0 < 2.0
Gross Beta pCisl 17.7 +/- 11.0 < 9.3 < 10.3 < B.4 7+/-3 < 3
Uraniue-234 _pci/t | < 1.0 1.6 +/- 0.4 2.2 +/- 0.5 3.6 +/- 0.6 ] < 0.6 < 0.6
Urenfum 235/236 pCift { < 1.0 < 1.0 < 1.0 < 1.0 < 0.6 < 0.6
Uranium 238 pci/st < 1.0 1.2 ¢/- 0.3 1.7 +/-_ 0.4 2.9 +/- 0.5 < 0.6 < 0.6
Thorius 230 i/t ] < 1.0 < 1.0 1.6 +/- 0.6 | < 1.0 < 0.6 < 0.6 l
Thor ium-232 pcizt | < 1.0 < 1.0 < 1.0 < 1.0 < 0.6 < 0.6 "
Potassium-40 pCi/t <180 <180 <190 <150 < 5 < 5 “
Cesfum-137 _pei/st < 20 < 20 < 20 < 20 11.0 +/- 0.8 < 2 ||
Radium-226 PpCi/l | < 1.0 < 1.0 < 1.0 < 1.0 1.5 +/- 1.0 | < 0.6
Radium-228 pCi/t | < 3.0 < 3.0 < 3.0 < 3.0 < 1 < 1 "
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Table 10D

Radiologic Dats Summary

Uater Samples
Wrii0-U EW110-F _ VAT 1‘
Ty rinse rinse - ;olﬁi rinse |
unfiltered Filtered I
Laboratory 11 17C 17C
Gross Alpha pciszl | < 1.0 <1.0
Grosa Beta pCist < &.0 < 4.0
Uranium- 234 pCi/l | < 1.0 < 1.0
| _Uranium 235/736 peist | < 1.0 <. 1.0
Uronium 238 pCis/zt 1 < 1.0 < 1.0
Thorium 230 pCi/t | < 1,0 < 1.0
Thor ium-232 pCist | < 1.0 <« 1.0
Potassiwm-40 pLiszLl | <100 <190
Cesium-137 pCisl 1 <20 < 20 :
Radiue-226 peist | < 1.0 < 1.0 |
Rodi ue-228 pciszl | < 3.0 « 3.0 “
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TABLE 11

SAMPLE REANALYSIS DATA
Type Parameter(s) Date Results -+ 2G (units) ]
Reanalyzed

Sediment Gross alpha 5/25/90 19.3 + 8.6 (pCi/g)

Soil Gross alpha 5/25/90 1140 + 240 (pCi/g)

Gross beta 5/25/90 250 + 53 (pCi/g)

l“ Thorium-230 6/07/90 1750 + 360 (pCi/g)

- B2A Soil Gross alpha 5/25/90 4100 + 830 (pCi/g)

' Gross beta 5/25/90 627 + 129 (pCi/g)

: Thorium-230 6/07/90 3530 £+ 970 (pCi/g)

Radium-226 5/25/90 89.5 + 4.7 (pCi/g)

l Radium-228 | 5/25/90 < 1.16 (pCi/g)
___S_Loundwater Gross alpha 5/25/90 307 + 133 (pCi/g) |

D&M Job No. 19943-002-045
June 14, 1990
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Certificates of Calibration
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' ~ OTHER CALIBRATIONS AVAILABLE UPON REQUEST.

( \
" CALIBRATED BY: ~Wammen C

ICRON <:<3I21’CDEQ]\1?]:CD?¢

12345 KINSMAN ROAD. NEWBURY., OHIO 44065
(216) 564-2251

CERTIFICATE OF INSTRUMENT CALIBRATION

telex 980474

DAMES & MOORE ' ¥
CUSTOMER: _ Q4 -H-Q—C—‘Q-
micro rem A880N
INSTRUMENT MODEL: SERIAL 4
CALIBRATION DATA
| RANGE EXPOSURE RATZ;INST. READING; EXPOSURE RATE{ INST. READING{
i ' ; l !
: % | ’;
X1000 160 mR/h 160 i 40 mR/h 40 !
%
!
X100 16 mR/h 16 4 mR/h 4 :
X10 .1.6 mR/h 1.6 400 uR/h 400
X1 160 uR/h 160 40 uR/h 40
X0.1 16 uR/h 16

THE Cs-137 1 Ci
STATING ITS TRACEABILITY TO N.B.S.

FACTOR OF

1 urem/h

1 uR/h

XN Q AL

/7

SOURCE USED FOR THIS CALIBRATION HAS A CERTIFICATE
(N.I.S.T.) STANDARDS.

"il' INSTRUMENT CALIBRATED WITH A CS-137 GAMMA SOURCE USING A (ZONVERSION

WLLFOIA4312 - 015 - 0172804



_iICRON CORPORATION S P

12345 KINSMAN ROAD, NEWBURY, OHIO 44065
_l (216) 564-2251 telex 980474
"‘_1
~. CERTIFICATE OF INSTRUMENT CALIBRATION
0
‘l | DAMES & MOORE Y
m CUSTOMER: s HOOHO
P micro rem A882N
-I INSTRUMENT MODEL : SERIAL #
_i CALIBRATION DATA
4 - | 4 |
—_ RANGE EXPOSURE RATE{INST. READING|EXPOSURE RATE; INST. READING:
] {
{
1 i . |
5 i - Xlooo 160 mR/h | 160 40 mR/h 40 !
«' | ‘ | |
- , | |
i, X100 16 mR/h 16 | 4 mR/h 3.9
‘ [
i’ X10 1.6 mR/h 1.6 400 uR/h 400
....] |
‘l X1 1160 uR/h 160 40 uR/h 40
X0.1 " 16 uR/h 16

THE Cs-137 1 Ci SOURCE USED FOR THIS CALIBRATION HAS A CERTIFICATE
STATING ITS TRACEABILITY TO N.B.S. (N.I.S.T.) STANDARDS.

!, v, e/,

* INSTRUMENT CALIBRATED WITH A CS-137 GAMMA SOURCE USING A CONVERSION
FACTOR OF 1 urem/h

i OTHER CALIBRATIONS AVAILABLE ON REQUEST.

) ) _10 -
CALIBRATED BY:-—== Q“CM-Q‘C ~eem L oate. 2=/ ¢ C}O

i ‘; /II/‘

Y
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APPENDIX B
Chain-of-Custody Records
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-J
PR 4PN

z7e

Sample Sowrco & Cllenl Z5 2> AUs PEepc ESTATE Flold Parsonnel, (Signalure) :-
Projact Titlle GSAR7/*~ C ¢ 79 ' Job No, /7563 -0g?
. . Sdmplo ! , A
_Da|0 ' .Tlmt_)_ | _'s-(a)'."&'g. . Type | C:,z;,,?‘:".s. ~ Sampling Sho Remarks
2 Si Sadiwat ! a- é '
33 _Sed b 3[" Cla foxk o a-C
S7 sed ! S0 Ead a-€”
C Soi(-comp / A
Cc T CTgm / o-¢ - .
UB-1 soi | / cw/ls’w .
QR-2 <o, { { N7 w7 ‘
A(_ZB’) So/ [ | .
LB-Y so/ | / iaw '/350 S
Q8-S <oy | - ! Sfom [ 3¢ e
—log-6 Sa: | / (200/ 36
<] / \ 7[\ /A
I N ] \_ N .
Relinqulshed bys | Date | Time Recelved byt | Date | Tlme Relinqulohed bys|Date | Time Recelved by: Date | Tlwe
(Slgnature) (Stgnature) . (Slgnarura) {Signacure)
’/(, Soao : ' )
. 1/:/( /L—f/A i _ : :
fellnqulehed bys {Uate |Tima Recetlved byt | Date Time{Rellnquished bytiBate | Time flecelved bys Uate | Tlwme
(Signature) » (Signature) (Stgnatuce) _ (Signature)
Relluquiahed byt bnta Tlma hecelved byt | Data Time[ftelTuquiohed bLyt{Date | Time Racelved by: Dote | Time
(Stgnature) (Stgnature) (Slgnature) (Signature)
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Projoct Tile S Tl (v ¢- Job No. y99¢3~00 2
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‘ WAT Jcbin / ' i
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/

7

-
L\

/

/

Z

\
NI

/ L \ 7 —
Rellnqulahed byt | Dato | Time Recelved byt ]| Date Tlme ltellnquiehed byi|Date | Tima Recelved by1 Date .| Tliwme
(Signature) V/ (Signature) ” (S5ignatura) (Slgnarura)
. TS 4 ;‘! A 2 G o0 [
’ Ny &di/dafl’“ , )
Rellnquished by: |Date |Tlwa Recelved Lyt | Date | Tlucjllelinquliohed bytf{blate | Tlme | Recelved byt | Date | Tlme
| (Signature) . (Signature) (Signunture) . (Signature)
Rellivjulshed byt JDate | Tima hecelved bys | Data Time ﬁclluqulnheJ Lys|Date Tine Recefved by Date Tlao
(Slgnature) (Slguature) (Stguature) (Signature)

WLLFOIA4312 - 015 - 0172808



. -1 -f - | -:-f—:- | . ;- l—’ | i f- !i '-fﬂ—lﬁ'——!d——f*
/f / "Da4uve ?UW‘A To ) L2 | '
B Y - ?73—V5'7?

50._;1\\&.4’57‘
DAMES & MOOHE CHAIN-OF- CUSTODY m:conD '

Samplo Sovrco & Clienl Z222>  ()S 24"/( st Flold Porsonnel, (Signature) .- -
Projoc Tille ¢l 'C- €5 Job No./ 29¢3-002
Dalo Time Samplo . | ggng? : No. ol Sampling Slito : "~ Remark
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Y1z RkG Sov ) PH Semi ¥, ¢ M CN|
sy : sed ¢ pnd l o
53 secls wnd
Comp 2 Sov |
Comp | s0: | A
[ 2N\
/ /| /

\ / ' \
N N

L —

ﬁ;llnquluhcd bys | Date | Time Necelved hyt | Date Timc-ﬁellnqulnhed bys]Uate | Time Recelved by1 Date | Tlae
© (Slgnature) Y (Sfgnatura) * {Signature) (Signature) .
(Dt 2ffy 2|7 - N -
Hnqulehed byt |Date | Tine Recelved byt | Date | Time|Relinquinhed byt]bate | Time Received by: Date | Tlme
(Signature) . (Signature) (Sigunture) . o (Signature)
Relluuished byt }JDate §Timo hecelved byy | Date | TimelRellnguinhed Lyi|Date | Time Necelved by: hote | Tlae
(Signature) : (Signature) . (Slgnnture) (Signature)
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Dames % Moore

117061 Borman Drive,
Saint Lovulis.,

Attn:

Work ID!

PO

Tect

Gross Alpha
Gross Beta
Cesium-137
Patassium-40
Rad1um=-226
Radium-228
Thorium=-22
Thar1om-230

Dave Purington

Units

pCi/liter
pCi/liter
pCi/liter
pCi/liter
pCi/liter
pCi/liter
pCi/liter

pCi/liter

“"Environmental

Suite 340
Ma &3146

MW109U

04/17/90 11:00

e

14/-3
11.00.8
3
1.5¢/-1.0
a

0.6
0.6

OUT OF UTATH

NI R S TS I T I TR A N
(LI B PN N ] sdlbed LMW e -

'O/65A45-218H ¢ rax- HOU-9UE-928Y

Date Recelived: 04/18/90
Date Reported: 05/09/90

MW109F

{&
3

-
2

29

0.6

1
0.6
(0.6

Work Order: 90-04-333
Category:

DAWES & MOGRE

MAY 14 1990
§T. Louss, MIssoygs

04/17/90 11:00 -

b e e s e nnne e e Wit nne e Wil ot SneeEl e i ay vt
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Page 2 CEP, Inc. REPORT Work Order %  90-04-353
Received:  04/18/90 05/09/90 16:18: 30 Continued From Above
Test | MW 109U MW109F
- Units - oo - , -
- 04/17/90 11:00 04/17/90 11:00
Thorium=-232 0.6 0.6
pCi/liter .
Uranium-234 0.4 0.6
pCi/liter
Uranium=-235 0.6 0.6
pCi/liter
__Uranium-238 0.6 €0.6 _
pCi/liter

Certified By: . W

WLLFOIA4312 - 015 - 0172820



Page 1 ITRL Gat R“,e REPORT dort Order & SO-04-04Y
Received: 04/13/90 05/18/90 19:17:24
REPORT DAMES & MOORE PREPARED TT/RADIOSICAL SCIENCES LAB.
TO 11701 BORMAN DRIVE BY 1350 BEAR CREEX ROAD /7
SUITE 340 ' OAX RIDGE, TN 37831
§T. LOUVIS, MO 63146 TIFIED BY
ATTEN DAVID PURINGTON ATTEN ERS
PHINE 415-482-9707 CONTACT JId DILIARD

CLIENT DWES ST " SNPLES |
CONPANY DVES & WOORE
FACILITY ST. LOUIS, MO

1]

AENDED TO CORRECT UNITS AND RESULTS. U-I1SD AND TH-230 A\D
TH-232 WERE ALSO ADDED TO COMPLETE REPORT.

! e " " e !

WORK [D WATER SAWPLE
TAKEN

i
et
g

|

I TRANS
P.C. 8
= INVOICE ynder separate cover
-' SAPLE IDENTIFICATION TEST CODES and NAMES used on this report
01 WAT GALPHA CROSS ALPHA
T CBETA_ GROSS BETA
--' 65 cAmw SPEC
RA226_ RA-226
RAZ8 RA-208
THoo8 TH-228
™H30 TH-230

3T SN

-

K MAY w i 15<0
ST. LUULY, alSSOURS

WLLFOIA4312 - 015 - 0172821
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Page 2
Received: 04/13/90
SANPLE D WAT

ITRSL Oak Ridge

UNITS gCi/l__
WRTN 05/18/%0

i

CAMMA SPEC  RESWLT

K-40
Cs-1%7

1. B+
Q@ 0E+L

25101 OTHER

CROSS ALPHA
CROSS BETA
RA-225
RA-228
U-234
V-235/236
-8
TH-230
T2

REPORT
Results by Sample

FRACTION 014  TEST CODE €S
Date & Time Collected 04/17TR

VERIFIED BY KDF

RESWT  2-51GMA

2 TE+1 0. 36E+
49240 217EX
21640  0.639
<b. BIEH0

1.02E+1 0.20E+1
<1. 0E+0

8 6540 1.B0E40
4. 01E+1  0.87E+1
<1.0E+0

Work Order § SO-04-0419

NAYE QAMMA SPEC —
egory _____

WLLFOIA4312 - 015 - 0172822
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Page 1 ITRSL Oat R“’e REPORT Wort Order # SO-04-047
Received: 04/13/90 05/18/90 19:17:24
REPORT % MOORE PREPARED IT/RADIOLDGICAL SCIENCES LAB.
TO $11701 BORMAN DRIVE BY 1550 BEAR CREFK ROAD /7

- SUITE 3%
ST._LOUIS, MO 63146

ATTEN DAVID PURINCTON ATTEN ERS
PHINE 415-482-9707 CONTACT JIN DILIARD

TIFIED BY

CLIENT DAES ST SAPLES
COPANY DAPES & HOORE
FACILITY ST._LOUIS, MO

t

AENDED TO CORRECT UNITS AND RESULTS. U-1SO0 AND TH-230 AND
TH-232 WERE ALSO ADDED TD COMPLETE REPORT.

WORK ID WATER SAPLE

TAKEN
TRANS
TYPE
P.O. ¢
INVOICE ynder separate cover
SAWPLE IDENTIFICATION TEST CODES and NAMES used on this report
01 RAT CALPHA CROSS ALPHA
CBETA_ CROSS BETA
65 CAMM SPEC
RA22S RA-224
RAZ28 RA-228
THo28  TH-228
T30 ™20
T Th-232
W34 234
U235 _ U-235/236
28 28

wondl

I ST. LOUIY, wiSSOURY

WLLFOIA4312 - 015 - 0172823
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Page 2
Received: 04/13/90
SAIPLE 1D WAT

ITRSL Cat Ridge

WNITS pCi/l__
WRTN 03/18/%0

CAMWA SPEC  RESLT

K-40
€s-137

1. tHE+2
Q. (E+

25108 OTHER

GROSS ALPHA
CROSS BETA
RA-226
RA-228
-4
U-235/236
-8
TH-20
H-2R

REPORT
Results by Sample

FRACTION OfA  TEST CODE €S NE
Date & Tine Tollacted 04/177%0

VERIFIED BY KDF

RESLT  2-5ICMA

2 7E+l  0.36E+1
4940 217EH
2 110 0.63EH
<b. BSE+0

1.02+1  0.20E+]
1.0+

8. 6510 1.B0EX
6. 01E+1  0.B7E+1
<1.0EX

Wort Order & SO-04-049

SPEC

2 LU} S

WLLFOIA4312 - 015 - 0172824
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Page 1 ITRSL Cat Ril,e REPORT Mork Order # SO-04-045
Received: 04/1B/90 03/18/90 15:27: 40
REPORT DAMES & MOORE PREPARED IT/RADIOLOCICAL SCIENCES LAB.
T0 11701 BORMAN DRIVE BY 1350 BEAR CREEK ROAD <
SUITE 340 T OAX RIDGE, TN 37831 4
§T. LOUIS, MO 431454 TIFIED BY
ATTEN DAVID PURINGTON. ATTEN ERS
‘ PHONE $15~480-9707 CONTACT yJIM DILLARD

CLIENT DAMES ST

TAKEN

NORK 1D WATER SAWPLES .

IS

COMPANY DAMES & MODRE
FACILITY ST LOUIS, W0~

L}

NENDED TO INCLUDE U-150, TH-230 AND TH-232 FOR ALL FRACTIONS,

TRANS

TYPE

P.O. ¢

INVOICE under separate cover

SAMPLE IDENTIFICATION:

TEST CODES and NAMES used on this report

01 Mi110U GALPHA CROSS ALPHA
02 M110F GBETA_ GROSS BETA
03 W10 S A SPEC
04 W10 RAZZL RA-225

03 108U | A28 RA-228

0 WiLOEF f Te%_

07 W10 ‘ TR0 TH-230

08 W10 i R W2

09 ML04U ' U234 _ U234

10 MH104F W35 _ 235/
11 W10 e U238

12 WLO1Y

WLLFOIA4312 - 015 - 0172825
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= Page 2
Received: 04/18/90

928¢/.10-SL0 - CLEPVIOATIM

rr!J!Jmm-j‘J"*Jﬁ-i*li..li.l-i ' 't .l )

SAPLE 1D W11V

ITRSL Qak Ridge

REPORT
Results by Samg!l

FRACTION 01A  TEST CODE S

UNITS pCi/l

WRTN 09/18/90

CAMA SPEC  RESWLT

K-40 <1. 0642

CS-137 Q.06+

25IoM  OTHER

GROSS ALHPA
GROSS BETA
RA-226
RA-228
U-234
U-235/236
U-238
TH-230
TH-2R

Wort Order & SO~04-043

Date & Ti'—Collutei 04/17795_

VERIFIED BY RDJV

RESWLT

<1. 0E+Q.
<4.0E+0
<1.0E+0
Q. 0e40
€1.0E+0
<1.0e+0
(1. 0E+0
1. 0E+0
€1. 0E+0

FRACTION 024  TEST CODE €S

SNPLE ID MiL1OF
UNITS pCi/)
WRTN 05/18/90
CAW SPEC RESWT  2-GIoWA  OTHRR
K~40 <1992 GROSS ALPHA
177 QM OROSS BETA
| RA-225
RA-228
24
-3/
]
TH20
™R

Date & Tise Collected 04/17750

2510

RESLT

<1. 0¥
<4 0EH
<1. 0E+0
Q. X
Q. 0EX
<1. 0E+0
<1.0e+0
<1. 0e+0
<1. 0E+0

2-5ICHA

SPEC
*g0T§

NAYE QAN SPEC
egory NA__

VERIFIED BY RDV
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Page 3 ITRRL Gat Ridge REPORT Work Order & S0-04-045
Received: 04/18/90 Results by Sasple
SNPLE ID W10 FRACTION TEST CODE €S NAE SPEC
Date & Tigﬁhlmt&d AN TTR Category B
UNITS pCi/l ) VERIFIED BY RDJ
WRTY 03/18/%0 .
CAMMA SPEC RESLT  2-5I0MA OTHER RESLT  2-5IcMA
K-40 <1. 442 CROSS ALPHA  €B. 0SE+0
CS-137 Q. e+ CROSS BETA  7.096#0 3. 46E40
RA-226 <1. 0E+0
RA-228 Q. e+
U224 L.A&ZEH 0.39%H0
U-235/86  <1.0Ex0
U-238 1.0E+0 0.3+
TH-230 <1. 0E+0
TH-222 <1. 040
SAPLE ID W102F ' FRACTION 044  TEST CODE 65 NAME CAMMA SPEC
. Date & Time Collected 04/17/90 Category B -
UNITS gCis/l VERIFIED BY RDV
RN 05/18/90
CAMA SPEC 'RESLT  2-5I0W OTHR RESAT 2516w
K~40 1 BER2 (ROSS ALPHA Q. 25EH0
Cs-137 : G2 0E+1 CROSS BETA ¢B.43EH0

RA~225 <1.0E+0
RA~228 Q. 0EH

-4 24EH  0.97EH
U-T5/86 <1.0e+0
V-8 L.97EX0  0.4%EH

TH-230 <1.0E¥0
T2 <1.0E+0

‘i-

WLLFOIA4312 - 015 - 0172827
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Page 4 ITRSL Cat Ridge REPORT Hort Order # SO-04-63
Received: 04/18/%0 Results by Baaple
SAPLE 1D m108U FRACTION 03A  TEST CODE €S NAE SPEC
Date & Time Collected 04/177 Catagory B8
UNITS pCi/l VERIFIED BY RDJ
WRTN 05/18/90
CAWA SPEC . RESILT  2-5I0MA (OTHER RESULT  2-5ICMA
k-40 (1. 9642 QROSS ALPHA €7. S0E+0
£5-137 Q. DE+1 GROSS BETA  (1.03E+1
RA-226 <1. 0E+D
RA-228 Q. CE+0
V-4 220640 0.47EH0
U-283/286  €1.0E40
U-238 L67EX0 0. 40E40
TH-230 1.57e40  0.b41E+0
TH-22 1. 0E+0
SAPLE 1D MW106F ' FRACTION 06A  TEST CODE 6S RAYE CAMMA SPEC
Date & Time Collected 04/17790 Category M&____
UNITS pCi/l: VERIFIED BY RV
WRTN 05/18/90
CAMA SPEC RESWT  2-5IGMA OTHER RESLT  2-SI6MA
K-40 - €. 5642 CROSS ALPHA (1. O4E+1
Cs-137 QL 0E+] OROSS BETA €B. 34E40

RA-26 <1.0E+0
‘ RA-28 Q. 0E+0
. U-234 3.97EX0 0. 6240

’ U-205/36  <1.0E+0
U-238 2 9%+ 0. 5440

TH-220 <1. 0e+0
TH-232 <1. 0E+

WLLFOIA4312 - 015 - 0172828



Page 5 ITRSL Bal Ridge
Received: 04/18/%0

SAPLE ID 10U FRACTION 07A

UNITS pCi/l
WRTN 05/18/90

CAMA SPEC  RESULT 2516w  (OTHER

K-40 <1, 5E+2 GROSS ALPHA

s-137 Q. 0E+1 OROSS BETA
RA-22b
RA-228
-4
U-235/23%
-238
TH-20
2R

SAPLE 1D MI103F

UNITS pCisl .

WRTN 05/18/90

CAMMA SPEC RESILT  2-SI6W  OTHR

K-40 SN 2] CROSS ALPHA

cs-137 Q. (E+1 GROSS BETA

4 RA-226
RA-228
-4
U-235/23
l -8

™H-20
™22

i -I-l—:!‘._..lilili ld ldi Huh‘_’h. _Il_!l-.l

|

REPORT
Results by Sal;le

074 TEST CODE ¢£5
Date & Time Collected 04/1770

FRACTION 0BA  TEST CODE &5
Date & Tiae Collected 04/17750 Category &

Hork Order # S0-04-05%

NAME CAMMA SPEC
2gory

VERIFIED BY RDJ

RESLT  2-5I0MA

0. 96E+1
1. 01E+!

{. 7%+
2 JUEH
<1. 0E+0
Q.0E40
§. 26E+1
{1.0E4)
1. 234
1. 2640
{1, 0E+0

0. 19e+1

0. 196+
0. 3%+

RAE CAMW SPEC

VERIFIED BY RDV

RESLT  2-SIoMA
€7. 00E+0
<1. A+
<1. 0E+0
Q. 0E+0
3. 10e40
<1.0e+0
3. 35+0
1. 5TEX
1. 0eH)

0. 85E+0

0. 8640
0. 4540

WLLFOIA4312 - 015 - 0172829
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Page & ITRSL. Qak Ridge REPORT Work Order & S0-04-04)
Received: 04/18/90 Results by Sample
SAPLE 1D M08 FRACTION 094  TEST CODE €S NAE SPEC
= Date & Time Collected Q4/1770 sgory BB
UNITS pCi/l VERIFIED BY RV
WRTN 03/18/90
CAMA SPEC RESILT  2-5ICMA  OTHER RESLT  2-5I0MA
K40 <1, E+2 CROSS ALPHA 1. 14E+1 0. 74+
ts-137 Q DE+} CROSS BETA 1. 87E+1 0. 74E+]
RA-224 <1.0E+0
RA-228 Q. e
U-224 3.80E40 0.73%+H
U-35/23% .Y
Uv-238 2. 58E+0 0. 39E+0
TH-230 2 00«0 0.6%40
TH-23 1.47TE40 0. 5540
SAPLE 1D MNI04F FRACTION 104  TEST CQDE NAE CAMMA SPEC
Date & Tise Collected 04/177‘76 Category B __
UNITS gCi/l VERIFIED BY ROV
WRTN 05/18/%0
CGAMMA SPEC RESWLT  2-516MA (THER RESAT  2-5ICMA
K40 LOKW 0.60E+2 OROSS ALPHA @ 0EW
Cs-137 . €2, 0E+ QROSS BETA (B.EMX
: RA-225 <1. 0E+D
RA-228 Q. €+
U-234 1.96E+) 0. 4BE+0
U-235/236  <1.0E+0
U-238 1. 1040 0. 35t

TH-230 1. 0E¥
H-2R <1. e+

{L-__l-_}
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Page 7 ITRSL Oak Ridge REPORT Work Order # SO-04-0b%
Received: 04/18/90 Resuits by Sample
SAPLE ID Mi10IF FRACTION 1A  TEST CODE S NAE SPEC
Date & Tise Tollected 04/177H0 egoTy WA
UNITS pCi/l VERIFIED BY RDV
WRTN 05/18/90
CAMA SPEC RESULT  2-5ICMA OTHER RERWT  2-51CMA
K-40 <1. 642 CROSS ALPHA <7.TEH0
Cs-137 Q O+t CROSS BETA 9.52€+0 6.27E+0
RA-224 <1. 040
RA-228 Q. 0EX0
U-234 1. 240 0.31EH
-205/86  <1.0E40
U-238 <1. 0EH0
TH-230 <1.0E40
TH-2 <1. 0EX
SAPLE ID 101V FRACTION 12A  TEST CODE €S NAYE GAMMA SPEC
Date & Time Collected 04/177%0 Cateqgorg &4
WNITS gCi/l VERIFIED BY RDV
WRTN 035/18/90
GAMA SPEC  RESULT  2-5I0MA  OTHER RESWT  2-510MA
K-40 <1.3e+2 CROSS ALPHA <1.0E+1
5137 Q 0E+1 CROSS BETA 2 41E+1 0. B4E+1
, RA~226 <1. 0E+0
RA-228 Q. EH
V-4 9.05EH)  1.73EH0
l U-235/236  1.J7EH0 0. 38E40
U-238 B &40 1. 6EH
TH-230 1.02+0 03540
TH-232 <. 0E+0

WLLFOIA4312 - 015 - 0172831



Page 1
% Received: 04/17/90

I REPORT DAYES & MOORE

ITRSL Cat Ridge REPORT " MNork Order $ 50-04-064
05718790 14:11: 46

PREPARED IT/RADIOLOCICAL SCIENCES LAB.

T0 11701 BORMAN DRIVE!
SUITE 340

BY 1550 BEAR CREEX ROAD ! éz y
QAR RIDGE, TN 7831 @

ST, LOUIS, MO 53144
:. ATTEN DAVID PURINGTON

SAPLES &

CLIENT DAYES ST
COMPANY DAMES & MOORE
FACILITY S§T. LQUIS, MO

WORK ID WATER SAMPLES
TAKEN ]

4

— oo /ﬁnnm BY

PHONE 515-482-9707 CONTACT JIN DILL/RD

AMEXDED TO_INCLUDE U-1S0, TH-230 AND TH-232 ON ALL FRACTIONS
T0_CORRECT GROSS APHA AND GROSS BETA RESULTS FR 03A_

TYPE

P.O. ¢ ;

SAPLE IDENTIFICATION

INVOICE ynder separate gover

TEST CODES and NAMES used on this report

"' 01 Mi105U CALPHA CROSS ALPHA
02 WI0F GBETA  GRUSS BETA
J g 6S__ o PEC
. 04 W108F RAZS  RA-226
05 mion RAZZE RA-228

04 MILOTF THoZ8 TH-228
: T3 2R
i 4 -z
_' W5 28
28 -zs

-

»—

ro--

by’ m' i

- e o e

WLLFOIA4312 - 015 - 0172832
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Page 2 ITRSL Oak Ridge REPORT Hork Order # S0-04-064
Received: 04/17/90 Results bg Sasple
SAPLE 1D 10U FRACTION 014  TEST CODE €S SPEC —_—
Date & Tise Collected 04/15750 egoTy —
UNITS Ci/) VERIFIED BY KDF
WRTN 03/18/90
CAMA SPEC RESWT  2-SIGM  OTHER RESLT  2-SIcMA '
K~40 LASE2  0.74E+2  GROSS ALPHA 1.49E+1  0.83E41
Cs-137 <2 0E+ GROSS BETA  1.456+1 0.91E+
RA-225 <1, 0E+0
RA-228 Q.0+
U=-Z34 <1.0E+0
U-203/206  <1.0EHD
U-238 <1.0E+0
TH-220 <1.0E+0
TH-232 <1. 0+
SAMPLE 1D MI105F FRACTION 02A  TEST CODE 65 NAYE CAMMA SPEC
Date & Tiae Collected 04/15750 Categorg NA____
UNITS pCift VERIFIED BY KDF
WRTN 05/18/90
CAMWA SPEC RESUT  2-5ICMA  OTHER RESULT  2-5I6MA
K40 a2 GROSS ALPHA 1. 011
Cs-137 2. OE+1 QROSS BETA 7.32E+0 5.84E40
' RA-226 <. e
RA-228 Q. 0EH)
| -2 LIED  0.3XH
. -35/836  1.0E40
| -8 1. 0EH
TH-230 <1.0e40
TH-232 <. 0EH

WLLFOIA4312 - 015 - 0172833
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Page 3 ITRSL Gat Ridge REPORT Wort Order & SO-04-084
Received: 04/17/90 Results by Sample

SAPLE 1D 108U

FRACTION 03A  TEST CODE €S NAYE SPEC
Date & Time Collected OANNETT gorg WA

B UNITS pCi/l : VERIFIED BY KIF
WRTN 03/18/90

CA SPEC RESUT 2510  OTHERR RESWT  2-516MA

K~40 28342 114652 CROSS ALPHA 1.OIER2 0.23E42

5137 QoEM GROSS BETA 2954+ 1.4

| RA-22b  LAIEQ  0.29E40
- P28 QL0EK

i U-234 218640 0.4%E90
V23/2% <. 0EH

S v-238 LIENQ 03840

THZ0  A4EH  LI6EW

HZR  &IZEQ 1AE

SAPLE 1D MWI0&F FRACTION 044  TEST CODE ¢S NAE CAMMA SPEC
. Date & Tise Collected 04/15/0 Category [

UNITS gCi/1 VERIFIED BY KOF
WRTN 05/16/%0

CAMMA SPEC :RES.LT 2-SItMA  OTHER RESALT  2-SICMA

K40 <L 4ER2 OROSS ALPHA <1 02+
(137 e GROSS BETA  C1. 40EH
RA-226 LOEH 0.25E40
RA-228 Q. 0E+0
-2 3BIEH 0,634
2B/ CLLEW
233 26%H0 04940

TH-230 <1.0EX
TH-ZR <1, GEX0

1
i
'
'
!
I

WLLFOIA4312 - 015 - 0172834



ITRSL Qak Ridge REPGRT Nork Order & SO-04-054
Recnved 04/17/90 Results by Sample

SAMPLE 1D IOV FRACTION 034  TEST CODE 65 NAJE CAMMA SPEC
Date & Time Collected 04/15750 egory -

UNITS pCi/l VERIFIED BY KDF
WRTN 05/18/90

CAMMA SPEC RESILT  2-SICMA  OTHER RESWLT  2-5ICMA

K-40 {1. 8842 CROSS ALPHA 2 3%E+1 1. 1441
Cs-137 Q. 0+ OROSS BETA 1.77E+#1 1. 10E+1
RA-225 1. 0E«0
RA-228 Q. 0EH
V-4 <1.0E+0
U-23/26 Q.0EH
=238 Q. 0EX

i

1

1

1

’

1 e
1 | ‘
1

1

I

I

1

1

i

[

[

i

SAPLE 1D MI1O7F .' FRACTION OsA  TEST CODE £S5 NAME CAMMA SPEC
Date & Tise Tollected 04/157% egory

UNITS pCi/l VERIFIED BY KOF
WRTN 03/18/90

CATW SPEC RESULT  2-SICWA  OTHER RESLT  2-5ICMA

K-40 <1.8E+2 CROSS ALPHA <C1.01E+1
Cs-1%7 @ OE+1 CROSS BETA 9. 24E40
' RA-225 . 06+0
RA-228 Q. 0E+0
U-2A L3%40  0.3%H
23/  Q.0EX
U-238 120 0. M4E+0
20 - .0
TH-22 <i.0e+0

WLLFOIA4312 - 015 - 0172835



/

f

f

f

- - R e - ..

1

' e B AR :
- - - .- . ..

g e

r—

e Em m

——

——— p—————
- '

-

N e .
- .

1
'

R . -

Page 1 '
Regeived: 04/13/%0

REPORT DAMES & MOORE
TO 11701 BORMAN DRIVE
SUITE 340
ST. LOUIS, MO 63144
ATTEN DAVID PURINGTON

CLIENT DAMES ST

. SAWLES 3
COMPANY DAPES & MOORE

FACILITY ST_LOVIS, M0

WORK 1D SOIL SAMPLES
TAKEN
TRANS
TYPE

P.O &

INVOICE under separate cover

SAPLE IDENTIFICATION

ITORL OAX

01 B2-a . CALPHA
02 54 CBETA
Q3 B1-A RA22S
RAZB
SPEC
nes
TR0
TR
DAMES & MOORE
JUN 04 1920
ST. LOULS. wiSSQURI

RIDGE REPORT
03/31/90 15:57:33%

Wort Order # S0-03-179
Work Not Complete

PREPARED IT/RADICLOGICAL SCIENCES LAB.

BY 1350 BEAR CREEK ROAD

OAX_RIDGE, TN 37831

ATTEN ERS

PHONE 415-482-9707

TIFIED

TEST CODES and NAMES used on this report

8
:

ALPHA
BETA

b
7

¢

:

AL FDRM FOR REPORTING

219
§.~

e

N/

CONTACT JIN DILLARD

1

8 SAMPLES Bi-A AND B2-A WILL BE REPORTED AT A LATER [ATE.

WLLFOIA4312 - 015 - 0172836
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Page 2
Received: 04/13/90

ITORL OAK RIDGE

R REPORT
Results by Sample

Work Order & S0-05-179

NAPE SPECIAL FTRM FIR _mg

SAPLE ID SPEC
= Date & Tx"LColloctu 4/13TR egoty
PARAMETER RESLT 2-SICMA ERROR  INITS
OROSS ALPHA 410643 0.83+3 pCily '
CROSS BETA LR 1R pCisq
RA-22b Q95+ 0.47E4 pilg
RA-228 Q. 140 pCilg
TH-1S0 %
SAPLE ID 54 FRACTION 02A  TEST CDIE SPE WAE SPECJAL FORM FIR REPORTING
Date & Tise Collected 04/12796 egory A
PARMETER RERLT 2-510MA ERRIR  UNITS
GROSS ALPHA 1L9EH 0864 §Cilg
f SRR

WLLFOIA4312 - 015 - 0172837



Page 3
Recaived: 04/13/90
SAFLE D B1-A

OAX RIDSE REPORT

PARNETER

CROSS ALPHA
CROSS BETA
TH-1S0

p - —— ) o — b — i — bl '

Nork Order # 5005179
Results by Sasple

FRACTION 034  TEST CODE SPEC__ NAME SPECIAL FORM FIR TING
Date & Time Collected 04/127%0 agory N

RESLT  2-5ICMA ERROR  UNITS

1 14E+3 0. 24E43 pCi/g
4 0E+2 0.53E+2 pCi/g
4

WLLFOIA4312 - 015 - 0172838



.

- a

ITORL OAX RIDCE REPORT Work Order § S0~05-180
Recnved 04/17/90 035/31/90 13:34:12
mr DNES L MOORE PREPARED [T/RADIOLOGICAL SCIENCES LAS, ,
11701 BORMAN DRIVE BY 1530 BEAR CREEX ROAD ¢ /7
l QJITE W OAX RIDGE, TN 37831
ST, LOUIS, MO 63146 16D BY
ATTEN DAVTD PRINGTON ATTEN RS /4
N PHINE §13-482-9707 CONTACT JIN DILLARD
J Sorwsa_  wesy
M COPANY DNES L MOORE
N

FACILITY ST. LOVIS, M0 ' ,

- TAKEN
TRANS
TYPE
| pa e
INVOICE ynder separate cover
SN'PLE IDENTIFICATION TEST CODES and NAMES used on this report
01 M 10 GALPHA CROSS ALPHA
SPEC  SPECIAL FURM FOR REPORTING

Ll

WLLFOIA4312 - 015 - 0172839
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Page 2 JTORL OAX RIDCE REPORT Work Order # S50-03-180

Received: 04/17/90 Results by Sample

SAPLE 1D MM 104U FRACTION O1A  TEST CUDE SPEC__ NAME SPECIAL FORM FIR REPORT
- Date & Tise Collected 0471570 Catagory W _JE

PARAMETER RESWLT 2-SICM ERRIR  UNITS
CROSS ALPHA A07ERR  1LJESR pCinn

bl e b e

r-_n-_J-_i-_!-_fl—-.i‘—-l" SR I N ) -

WLLFOIA4312 - 015 - 0172840



| TCT - St. Louis

formerly Envirodyne: Engineers, Inc.

Suite 155

Consulting Engineers, Scientsts and Analytical Services

1908 Innerbelt Business Center Drive
St. Louis, Missouri 63114-5700
(314) 426-0880

Fax (314) 426-4212

REPORT OF ANALYSIS

CLIBRNT: Mr. Dave Purington
Dames & Moore

11960 VWestlina Ind. Drive

St. Iouls, MO 63146

REPORT DATR:
SAMPLR ANALYZED:

DATE RECEIVED:

May 10, 1990
One water sample analyzed
for the parameters

listed below.

T

April 18, 1390

e -'

PROJ. #: 3500-00385 P.0. #1
MW109
; PARAMETER ONITS MW109 DUPLICATE
1= = = o=

ANTIMONY (UG/L) < 24 < 24

ARSENIC (UG/L) 3.1 2.5

'I BERYLLIUM (UG/L) < 3 < 3

i CADMIDM (UG/1) < 3 < 3

CHROMIUM {OG/L) < 10 < 10

- COPPER (0G/L) < 14 < 14

I LEAD (UG/L) < 73 <713

- MERCURY (0G/L) 0.48 -

NICXEL (UG/L) < 15 < 15

I SILVER (UG/L) 1.1 <1.0

- SBLENIUM (0G/T) 1.3 <1.0

THALLIUM (UG/L) <1.0 <1.0

' ZINC (uG/t) < 16 < 16
“I. PARAMETER UNITS nwW109
" a—— e —
l. CYANIDE (UG/L) <S

N Ny Ny ]

i disk 87/bbg
I
- 00

ROTE: See ruverse side for "STANDARD CLAUSES.®

=

Iisa A ehy,

Twin City Testing Corporation
A memoer of e o of compenes

A b,

Program Coordinu or

DAMES & MOORE

MAY 14 1920
ST, LOUIS, MISSOURI

WLLFOIA4312 - 015 - 0172841



Page 2 REPORT OF ANALYSIS

CLIENT: Mr. Dave Purington REPORT DATR: May 10, 195%0
Danas & Mocre DATR RECEIVED: April 18, 199¢

-t el

-
.l PROJ. #: 3500-0038S P.0. #:
-

_ )
II DETECTION MW109
- PARAMETER UNITS LIMITS  BLANK  MW109 DUPLICATR

———
—I LINDANE {UG/L) 0.002 <0.002 <0.002 <0.002
HEPTACHIOR. . . ) (UG/L) 0.003 «<0.003 <0.003 <0.003
-~ HEPTACHIOR BPOXIDE (UG/L) 0.004 <0.004 <0.004 <0,004
ENDOSULPAN I ' (UG/L) 0.005 <0.005 <0.005 <0.005
l DIBLDRIN (UG/L) 0.006 <0.006 <0.006 <0.006
- - ENDOSULFPAN 11 {UG/L) 0.010 <0,.010 <0.010 <0.010
4,4°-0DT (BG/1) 0.015 <0.015 <0.D15 <0.015
‘I ENDRIN ALDEHYDR (UG/L) 0.024 <0.024 <0.024 <0.024
g METHOXYCHLOR {UG/L) 0.063 <0.063 <0,063 <0.063
alpha-BHC (UG/L) 0.002 <0.002 <0.002 <0.002
— beta-BHC (UG/L) 0.005 <0.005 <0.005 <0.005
l delta-BHC (OG/L)  0.001 <0.001 <0.001 <0.001
¢ - gemma-CHLORDANE (uG/vr) 0.003 <0.003 <0.003 <0.003
alpha-CHLORDANE {uG/L) 0.003 <0.003 <0.003 <0.003
! ' 4,4’-DOE (UG/L) 0.006 <0.006 <0,006 <0,006
—— ENDRIN _ (UG/L) 0.016 <0.016 <0,016 <0.016
4,4°-0DD (uG/L) 0.011 <0.011 <0.011 <0.011
; ' ENDOSULPAN SULFATE {UG/L) 0.022 <0.022 <0.022 <0.022
ENDRIN KETONE {uG/L) 0.019 <0.019 <0.019 <0.019
- AROCLOR-1016 (UG/L) 0.047 <0.047 <0,047 <0,047
' ARCCLOR-1260 (UG/L) 0.187 <0.187 <0.187 <0.187
I'- ™ AROCIOR-1221 : {(UG/L) 0.107 <0.107 <0.107 <0.107
i e <  AROCLOR-1232 : (UG/L) 0.083 «<0.083 <0.083 <0.083
AROCLOR~1242 , (UG/L) 0.044 <0.044 <0.044 <0.044
' I AROCLOR-~1254 : (UG/L) 0.054 <0.054 <0.054 <0.054
L ARDCZOR-1248 ' (9G/Z)  0.C9& <0.094 <9.094 <0.094

- ALDRIN _ (UG/L) 0.003 <0.003 <0.003 <0.003
' TOXAPHENE : {UG/L) 0.205 <0.205 <0,205 <0,20S

2

! DETRCTION NW209

1 .

{ PARAMETER ONITS  LIMITS BLANK MV109 DUPLICATR
r 2,4-D (UG/1) 0.745 <«<0.745 «<0.745 <0.745
i. SILVEX (UG/1) 0.197 <0.197 <0.197 <0.197

; ) BENR ) ERE

r-

N}

WLLFOIA4312 - 015 - 0172842
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Page 3

REPORT OPF ARALYSIS

CLIENT: Mr. Dave Purington

Dames & Moore

PROJ. $: 3500-0038S5

REPORT DATR:
DATE RECEIVED:

?.0.

L}

May 10, 1990
april 18, 1990

VOLATILRE COMPOUNDS

ACROLEIN
ACRYLONITRILE

BENZENR
BROMODICHLOROMETHANE
BROMOFORM

BROMOMETHANE

CAREON TETRACHLORIDR
CHLOROBENZENR
CHLOROETHANE
2-CMIOROETHYL VINYL ETHER
CHLOROFORM

CHLOROMETHANE
DIBROMOCHLOROMETRANE
1,1-DICHLORETHANE
1,2-DICHLOROETHANE

1, 1-DICHLORORTHENE

TOTAL 1,2-DICHLOROETHENE
3,2-DICHLOROPROPANE
€IS-1,3-DICHLOROPROPENE
ETHYL BENZENE

METHYLENE CHLORIDE
1,1,2,2-TETRACHLOROETRANT
TETRACHLOROBTHYLENE
TOLUENE
1,1,1-TRICHLOROETHANE
1,1,2-TRICELORORTHANE
TRICHLORORTHENE

VINYL CHELORIDE

SURROGATE COMPOUNDS

1,2-DICHLORORTHANE-D4
TOLUBNE-DS
p-BFB

DETRCTION
LIMIT
(UG/L)
—
100
100
5
5
5

(3 [ d | d
o wm w O wnuwwmo

L L T BT T BT BT RV SV IV RV T RNV R I |

'
o

BLANX
(UG/L)

55355555355555555'

8

685985835688

101
98

(UG/L)

55555555555533..5555555555555I

WLLFOIA4312 - 015 - 0172843
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Page 4 REPORT OP AHALYSIS

CLIENT: Mr. Dave Purington
Dames & Moore

REPORT DATX:
DATEX RECRIVED:

May 10, 1990
April 18, 1990

PROJ. #: 3500-00385 P.0. #:
DETECTION MW109
LIMIT  BLANK  MW109 poP
ACID COMPOUNDS (OG/L)  (UG/L) (BG/L)  (UG/L)
2-CHLOROPHENOL 10 ND 8D ND
2, 4-DICHLOROPHEENOL 10 ND ND ND
2, 4-DIMBTHYLPEENOL 10 ND ¥D" RD
2, 4-DINITROPHENOL 50 ND ND )
2-HITROPHENOL 10 RD ND RD
4-HITROPHENOL 50 ND ND ND
PENTACHLOROPHENOL 50 ND ND )
PHENOL 10 ND ND ND
2, 4, 6-TRICHLOROPHENOL 10 KD RD ND
2-METHYL~4, 6-DINITROPHENOL 50 RD ND HD
4~CHLORO-3-METHYLPHENOL 10 ND ND - ¥D
) s Y
SURROGATE COMPOUNDS RCVRY  RCVRY  RCVRY
2-PLUOROPHENOL 48 4 2¢
PHENOL-d$6 3 2 1
2,4, 6-TRIBROMOPHENOL 63 70 2e
*Below QC limits
. . DETECTION MW109
BASE NEUTRAL LIMIT  BLANK  MNW109 pup
COMPOUNDS (UG/L)  (UG/L) (UG/L)  (UG/L)
. ]
"ACENAPHTHENE 10 KD HD KD
ACENAPHTHEYLENE , 10 ¥D ¥D ®D
ANTHRACENE ° : 10 ND ND RD
BENZIDINE 50 D ) RD
BENZ (A)ANTHRACENE 10 ¥D ND ¥D
BENZO(B, K) FLUORANTHENE 10 FD HD RD
BENZO(GHI ) FERYLENE 10 ND ND ¥D
BENZO(A)PYRENE : 10 ED ND "D
BIS(2-—CHLOROETHOXY ) METEANE 10 ND ND ®D
BIS(2-CHLOROBTHYL)ETHER 10 RD XD XD
BIS(2-CHLOROISOPROPYL)ETHER 10 ND ND ND
BIS({2-BTEYLHEEXYL)PHTHALATE 10 < DL KD 14

WLLFOIA4312 - 015 - 0172844



May 10, 1990
april 18, 1990

_I Page 5 REPORT OF ANALYSIS
_l CLIENT: Mr. Dave Purington REPORT DATE:
Dames & Moore DATRE RECRIVED:
e
_I PROJ. §: 3500-00385 P.0. #1
DETECTION MW109
e BASE NEUTRAL COMPOUNDS LIMIT  BLANK  MW109 puUP
_I CONTD. (UG/L)  (UG/L)  (UG/L)  (UG/L)
- 4-BROMOPHENYL PHENYL BTHER 10 ND ND ND
BUTYL BENZYL PHTEALATE 10 ¥D No ND
..l 2-CHLORONAPHTHALENE 10 ¥D ¥D ¥D
4-CHLOROPHENYL PHENYL ETHER 10 ND RD . ND
=2 cmmvsEm 10 ¥D ND D
_I DIBENZO(A,H) ANTERACENE 10 ND ND ND
DI-N-BUTYL PHTHALATE 10 ND ND ND
s 1,2-DICHLOROBENZENE 10 ND ¥D ND
l 1, 3-DICHLOROBENZENE 10 ND WD ND
1, 4-DICHLOROBENZENE 10 ND ND ND
3,3’ -DICHLOROBENZIDINE 20 ND . ND ND
- DI®THYL PHTRALATE 10 ND ND. ¥D
_' DIMETHYL PETHALATR 10 ND ND FD
_ 2, 4-DINITROTOLUENE 10 ND ND ND
2, 6-DINITROTOLUENE 10 ND ~ ¥D ¥D
-I PI-R-OCTYL PHTHALATE 10 ND ND ND
- 1,2-DIPHENYLHYDRAZINE . 10 ND FD KD
DI-N-PROPYLNITROSAMINE 10 ND ¥D ND
] FLUORANTHENE 10 ND ND ND
FLUORENE 10 KD ND N¥D
. HEXACHLOROBENZENE 10 ¥D ND N¥D
HEXACHLOROBUTADIENE 10 # HD )
] EEYACHELOROCYCLOPENTADIENE 10 XD wn ND
HEXACHLOROETHANE 10 uD ND ND
INDENO(1,2,3-CD)PYRENE 10 ND ND D
] ISOPHORONE 10 ¥D ¥D ND
. RAPETHALENE 10 ND ND KD
NITROBENZENE 10 ND ND HD
N-HITROSODIMETHYLAMINE 10 ED FD ¥D
] N-HITROSODIPHENYLAMINE 10 XD ¥D ND
' PHENANTHRENE 10 D HD ¥D
o PYRENE 10 HD ¥D wD
I 1,2, 4-TRICELOROBENZENE 10 sD ND ND
) 1Y 1Y
"‘I SURROGATE COMPOUNDS RCVRY RCVRY RCVRY
- HITROBENZENE-d5 79 57 81
2-FLUOROBIPHENYL 62 43 1
1 TRRPHENYL-d14 79 63 24
. e— -
e

WLLFOIA4312 - 015 - 0172845
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Page 2 CEP, Inc. REPORT Work Ovder & 90-04-Z3

igcelyed:  04/16/90 Results by Sample
LedPLE 1D BI1A FRACTION O)JA  TEGT CODE AB S NAME Gross Alpha/Beta
- Date % Time Collected 04/12/9Q Cateqory SOIL
Type afF &Gnalysis Detaction RESULLT
lLimit pCisg )
Grass Alpha 9.3 44 $+/—-1. 6
Grass Reta 0.1 21. 2+/-0._64

All results reported i1wm:

UNITS pCi/qram
SANFLE 1D BIA FRACTION Q1A  TEST CODE CS1370 NAME Cesium-137
Date % Time Collected 04/12/90 Cateqary SOIL
Type of Analysis Detection Limit RESULT
pCiszgram
Cesium—137 0.1 0.14+/-0. 06

All results reported in:

UNITS pCi/qram

L . -
; : ! g - - - - F—H—*-*-rh-’———{—-,—_-,__-r_-,_-'

WLLFOIA4312 - 015 - 0172847
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Fage J CEP, Inc. REPURT Hork Order #  90-04-243

Recetved:  04/146/90 Results by Sample
safPLE 1D B1A FRACTION QA TEST CODE IS0U § NAME Isotopic Uranium
Date % Time Collected 04/12/90 Category SOIL
Type of Analysis Detectiaon RESULT
Limit pCivg
Uranium-—-234 G. 0% 4. 2+7-0. 5
Uranium—-235 0. 05 0. 6+/-0.2
Uranium-238 Q.05 1. 6+/-0. 3

All results rTeport in:

UNITS pCi/Zqvam
JANFLE 1D BIA FRACTION Q1A  TEST CODE K 40 9 NAME Potassium-40
Date % Time Collected 04/12/90 Cateqory SOIL
Type of Analysis RESULT
Patassium—40 13.1+/=-1.4

All results reparted in:

UNITS ____ pCi/gram

et Vhey are 8 1 b reprodoced whnfly or ot tor sslvecteinug uul /i e wil i ¢ T LI LER T ITE i '
, "'f"ﬁ‘*!"f‘1!"r‘!!!!r‘1lllr'1lllt-1lllr-illlr—llllr1|l-:-1ll|x-1l||r‘Illlr1ll|'
WLLFOIA4312 - 015 - 0172848
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Page 4 CEP, Inc. REFORT Work Order #  90-04-263
Received:  04/16/90 Results by Sample |
SAMPLE ID BlA FRACTION 01A  TEST CODE R2628S NAME Radium-226/228

- Date & Time Collected 04/12/90 Category SOIL
Type of Analysis De%ection RESULT
Limit pCi/y ’
Radium—224 0.4 41. 4+/~0. 4
Radium-228 0.1 <0 1

All results report in:

UNITS pCi/qyvam
SAMPLE 1D B1A FRACTION Q1A TEST CODE TH2309 NAME Thorium-230
Date % Time Collected 04/12/90 Category SOIL
Type of Analysis ) Detection Limit RESULT
pCi‘gram
Thaorium—-230 0. 05 0.2

All results reported in:

UMITS pCi/qrain

o T

WLLFOIA4312 - 015 - 0172849
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Page 5 CEP, Inc. REPORT ok Order 4 90-04-2¢3
Received: 04/16/90 Results by Sample
SANMPLE 1D B1A FRACTION Q1A TEST CODE TH2323 NAME Thorium-232
' ate % Time Collected 04/12/90 Categqory SOIL
Type of Analysis Detection lLimit RESULT

pCi/gram

Thorium—-232 0. 09 0. 26¢+/-0. 18

All results reported in:

UNITS pCi/qram
SAMPLE ID B2A FRACTION 02A  TEST CODE AB S5 NAME Grass Alpha/Beta
Date % Time Collected 04/12/90 _ Cateqory SOIL
Type of Analysis Deteclion RESULT
Limit pCi/q
Gross Alpha G. 3 199. 1+/-2. 4
Gross Beta 0.1 . 34.5+/fQ.§

All results reported in:

UNITS pCi/qgvam

Coe e e e . NER R RN NN W NN GRS —amm e

WLLFOIA4312 - 015 - 0172850
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Page & CEP, Inc. REPORT Work Order #  90-04-c43
Received:  04/16/90 Results by bample
SANPLE 1D B2A FRACTION 024  TEST CODE CS13/9 NAME Cesium-13/
: Date % Time Collected 04/12/90 Category SOIL
Type of Analysis Detection (Limit RESULT
pCi/sgram v N
Cesium-137 0.1} 0.1

All results reparted in:

UNITS ____ pCi/qram

LAMPLE 1D B2A FRACTION G2A  TEST CODE 150U 5 NAME Isotopic Uranium
Date & Time Collected 04/12/90 Cateqory SOIL
Type of Analysic Detection RESULT
L.imit pCi/sg
Uranium-234 0. 05 14.4+/-Q0.8
Uranium-23% C. 03 0. 2+/-G. 1
Uranium-238 : 0. QY 2.4+{—Q.3”

A1l results report 1w

UHITS pCi/Zqrsm

N EE e -
'-"Il"—‘nr""][*—;

l"'— r—
WLLFOIA4312 - 015 - 0172851
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Page 7/ CEP, Inc. REPORT Work Order #  90-04-253
fieceived:  04/16/90 Results by Sample
SAMPLE 1D B2A FRACTION 02A  TEST CODE K 40 3 NAME Potassium-40
. Date & Time Collected 04/12/90 Category S0IL
Type of Analysis RESULY
Potassium—40 F.Ee/-3. 0

All results reported in:

UMITS pCi/gram
GAMPLE (D B2A FRACTION 02 TEST CODE R26285 NAME Radium-£26/228
Date & Time Collected 04/12/90 Category SOIL
Type of Analysis Detaction RESULT
Limit pCi/g
Radium-226 0.¢& 132+/-8
Radium-228 G. 1 150+/-38

All results report in:

UNITS _pCi/gram

i i i i e e ey

WLLFOIA4312 - 015 - 0172852
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Page 8 CER, Inc. REFORT Work Order # 90-04-263
Heceived:  04/16/90 Results by Sample
SANPLE D) B2A FRACTION QA 1EST CODE TH2309 NAME Thorium-230
- Date & Time Collected 04/12/90 Cateqory SOIL
Type of Analysis Detection Limit RESULT .
pCi/gram
Thorium—-230 0. 05 0. 2

All results reported in:

UNITS pCi/Zgram
~ SAMPLE [D B2 FRACTION 02n  TEST CODE TH2323 NAME Thorium-g23g
. Date & Time Collected 04/12/90 Cateqory S0IL
Type of Analysis Detection Limit RESULT
pCi/gram
Tharium—232 0. 05 1.3+/-0. 5

All results reparted in:

UNITS pCi/sqram

Banis s B TR PR N Y ) O ..

WLLFOIA4312 - 015 - 0172853



Pag

! age 1 ITRSL Oat Ridqe REPCRT Wory Order & S0-04-048
' Received: 04/13/90 . 05715790 15:33:05
REPCRT DAMES & MOORE PREPARED IT/RADICLOCICAL SCIENCES (AD.
i TO 11701 BORMAN DRIVE BY 1550 BEAR CREEX RUAD : ?
SUITE 340 ' pAX RIDSE, T 37821
ST. LOUVIS. M0 83148 TIFIED BY
ATTEN DAVID PURINGTON ATTEN ERS
) PHONE £15-482-9707 CONTACT JIM CILLARD
CLIENT DAMES ST SAPLES 19 :
COMPANY DAMES & MOORE '
FACILITY ST. LOUIS, M0
WORK 1D SOIL SAMPLES
TAKEN
TRANS
L= TYPE
. P.0. &
INVOICE under sesarate cover
SAYPLE IDENTIFICATICN TEST CODES and NAMES used on this report
gt 81 . GALPHA CROSS MPHA
22 &2 SRETA (GROSS 2ETA
55 65 carma cPEC
-t RAZ?S RA-224 .
REEN : RAZ29 RA-228
25 G2 : TH223 TH=ZZg
37 UB-1 | TH2ZN TR-230
23 43-2 ' THI2 TH-232
09 B-3 U8 U-234
1) U8-3 UDs  U-235/2%
i1 UB-3 y2e8 -8
12 UB-4
13 3=
14 B1-8
15 B1-C :
15 823
17 B2-3
18 B2
19 SKe

oo——

!
i
i
i.

)

WLLFOIA4312 - 015 - 0172854
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Fi32 i ITAEL Oak Ridge REFCRY Wory Irter 3 $0-04-048

Zaceived: 04/13/90 Results by 3asoie

P 1D 3t FAACTION 1A TEST {GDE 5§ HAME FMM4 SFED
Date ¥ Tize Csllected 04/13757 ~atagery

WITS 3Cifa VERIFIED 3Y ERE
WRTN 05/13/56

GAltea SPEC REEVLY  2-SIG0A IR FESLLT  -SIGMA

= L 77e+l 0.20E+1  GROSS ALPHA 2. 21E+:
€z-137 @it GACSS 274 24723
RA-225 LIBE+) D 142+ UeZI: LOE

2.28249  U228Z35 (A 0E

AR-223 i, 2%g~ 23
y-z23 3.84-i 2 CE-!
TH-232 128250 . 3EH
H-2iZ LOZESY J.ITEH

et el

T e w2

NAMZ TaMMa ZETO

BEYTTRYY
w3327y

tilc VERIFID Y 358
/

REIL st IT=R AeSlY -SSR
A= 3. 128+ O.7CE+)  GREZ5 ALPHA 1.74&+#1 Q. T7E+E
RA-225 116E+) Q.i=+0 GRCSS 3ETA 2372+l 0.91E+
ApA-223 L LL2%EH)  D.1EE40 U-234 9 S1E-1 2 46%E-!
£3-127 6.9%E-2  QzdE-2  eLEZE LBfE-t
U-223 1L.OTe) 0.25E4)
w230 2l Q.2
TH-222 Li7E=0 0.3



J Page ITRSL Qak Ridge REPORT Work Order 3 S0~04-048
__l Recexved 04/13/%0 Results by Sample
SAPLE 1D S3 FRACTION Q3A  TEST CODE ¢S NAME CAMMA SPEC
J Date & Time Collected 04/13790 tategory
J UNITS pCi/g VERIFIED BY RDJ
WRTN 05/15/90
‘F GAMA SPEC RESWT  2-SI8W  OTHR RESWLT  2-5I0MA '
} K-40 1.0zE+1  0.14E+1 CROSS ALPHA 2 32E+f 0. 91E+!
€s-137 Q 0E-1 CROSS BETA  1.79E+1 0. 76E+!
RA-226 7.83E-1  0.84E-1 U-234 7.488-1  1.91E-¢
RA-228 S.86E~-1 1.02E-i U-235/236  <A.(QE-t
U228 7.82E-t 1. 96E-1
TH230 2 STE0 0. M4EH
TH=-232 7.05E-1 1. B1E-1
SAMPLE 1D 54 FRACTIU‘J 044 TEST CORE &5 NANE CAMMA SPEC
Data & Tids Csllecten 03/157%Y vategery
UNITS pCi/q VERIFIED BY ERS
WRTN 03/15/90
CANMA SPEC  RESAT  2-5IMA OTHRR RESWT  2-SI6MA
R-40 1.09E+! 0.1SE+1 OROSS ALPHA 2 19E+2 0. 50E+2
5137 0.2 $ROSS BETA 2 T3E+1 0. 94E+]
RA-226 1.16E+0 0.11E+0 U-234 1. 06E40 0. 28EH)
Ra-228 1.28E+0 0. 16E+0 U-235/236  <b.0E-!
U-228 6. 38E-1 2 10E-1
TH-230 2. JBE+0 0. 49EH
TH-232 1.08E+0  0.29EX0

WLLFOIA4312 - 015 - 0172856
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; ‘ Page 3 1TRSL Oai Ridge REPORT Work Order # S0-04-041
':l Received: 04/13/90 Results bg Saample
_ SAMPLE 1D £} FRACTION 0SA  TEST CODE 65 NAYE GAMMA SPEC
| Date & Time Collected 04/17750 Category -
'.l UNITS pCi/q VERIFIED BY RDV
— WRTN 05/15/90
] GAMMA SPEC RESULT  2-SIGMA OTIER RESULT  2-3IGMA
[ K-40 1.01E41 0.14E+1 CROSS ALPHA 1.S50E+{ 0.71E+]
€s-137 2 0E-1 QROSS BETA 2 55E+1 1. 01E+{
] RA-224 1.06E+0  0.11E40 U-234 9. 5iE-1  2.8CE-t
RA-223 1.2Ze+0  0.14E%0 U-235/236  <b.0E-!
- U-238 9. 51E-1 2 80E-1
TH-220 2 2E+0  0.45EX
TH-232 1. XE+)  0.32EH
1
N
!
L SAPLE 1D C2 FRACTICN Q&  TEST COLE 6S NAME CAMMA SPEC
' ‘ Date ¥ Time Collecten 24/1799 Category
L UNITS pifg VERIFIED BY ADJ
WRTN 05/15/90
i
. GamA SPEC  RESWT  2-5I6MA  OTHER RESULT  2-SIGMA
!
L K-40 1.GE+]  0.29E41 CROSS ALPHA 1.84E+1 0.B82E+1
Cs-137 Q (E-1 CROSS BETA 2 IEE+1 0. 98E+1
re RA-226 LISEX0 012840 U204 1.0+ 0.24E40
i RA-223 1.296+0 018+ U-255/23  <b.0E-
U-228 7.85E-1 2 01E-1
o : TH-220 2 J7EX0  0.43EH
; ‘ TH-22 1L2EX)  0.27E+0

i

WLLFOIA4312 - 015 - 0172857
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Page 4
Received: 04/13/90
SAPLE ID UB-1

1TRSL Dai Ridge

REPORT

Results by Saeple

FRACTICN 07A

UNITS pCi/qg

WRTN 03/15/90

FRACTICN 0f5  TEST COLE 65

CAMA SPEC  RESULT  2-SI5MA

K~40 9.91E40 1.3

C5-137 2 7e-1 0. 5%E-t

RA~226 1.02E40 0. 10E¥0

RA-228 1L1IEH0 0. 14E40
SaPLs 1D U3-2

UNITS pLi/ag

WRTN 05/15/90

GAMMA SPEC  RESWLT

k=30

C5-137
RA-226
RA-228

COLATEH

3. 05E-1
1, 15E+0
1. 22X

2-516M

0. 16E+1
0. 59e-{
0. 11E+0
0. 15640

OTHER

GROSS ALPHA
GROSS ZETA
U-224
U-235/226
U-238
TH~220
TH-222

OTHER

GROSS ALPHA
GROSS BETA
-4
U-235/236
=238
TH-230
™22

TEST CODE &S
Date & Tize Collected 04/12750 — Category

Wort Order & 50-04-048

NAME GAMMA SPEC

VERIFIED BY RV

RESULT

2 36E+1
2 e+t
1. 2TE+0
<6, 0E-{
1. 0340
2 SEH
9. 85e-1

2-516MA

0. 99e+1
0. 83E+t
0. 25E+0

0. ZE+0
0. SCE+0
2. 6BE-!

NAME CAMMA SPEC

Date & Tigze Coilacted 04/18/50

vategory

VERIFIED BY RV

RESULT

2 &0E+1
3. 00E+t
1. ZEH0
<b. 0E-1
1. 22840
1. 83EH)
1. 16E40

2-SI6MA

1. 01E+1
f. 11E+1
0. 25E+0

0. 25E+0
0. 43e+0
0. 33EH0

WLLFOIA4312 - 015 - 0172858
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Page 5 '
Received: 04/13/90

ITRSL Oak Ridge

REPORT
Results by Sample

Wort Order # 50~04-048

SAPLE ID UB-3 FRACTION 094  TEST CODE ¢ NAME CAMMA SPEC
Date & Tiae Collected 04/127% tegory
UNITS pCi/g VERIFIED BY RV
WATN 05/15/90
GAMMA SPEC RESWT  2-SI0MA OTHER RESILT  2-SIGMA
K-40 1466+t 0.19E+1 CROSS ALPHA 2 SBE+1 1.01E+1
Cs-137 2.42E-1 0.5EE-1 OROSS BETA 3. 11E+1  1.09E+1
RA-226 L1E+0 01150 U-234 9.10c-1  1.98E-1
RA-228 1.22&+0 0.1ee+) U-235/225  (b.CE-!
U-238 9.28~1 2 O0E-L
TH-220 227+ 0. %EH
TH-232 1. 18E+0 0. 30EX0
SAPLE ID U3-4 FRACTICN 1CA  TEST CQLE 65 NAME GAMMA SPEC
Datz & Tiae Collected 04/157+0 Category
UNITS pCi/g VERIFIED BY RDV
WRTN 05/15/90
fArA SPEC  RESULT  2-5I0A  OTHER RESWLT  2-SIGMA
K-40 1.77E+1 0. 29E+] GROSS ALPHA 2 00E+1 0.BTE+l
Cs-137 @ (e-1 GROSS BETA 2 90E+1 0. 99t+
RA-226 LO7EH)  0.1ZEH U-24 9.52&-1 2 11k~
RA-228 1.3+ 020840 U-]W/23% B OE-
' U-238 7.388-1 1.82E-¢
™H-230 2 11EH0  0.42840
TH-232 1.O7E¥0 0.27EH

WLLFOIA4312 - 015 - 0172859
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‘ll Page &
Received: 04/13/90

1 ]
L

ITREL Dak Ridge REPORT Wori Order § S0-04-048
Results by Sasple
] SAMPLE 1D UB-~35 FRACTION 11A  TEST CODE €S NAME CAMMA SPEC
l Date & Tize Collected 04/137%0 Categary
WNITS pCi/g VERIFIED BY RDJ
WRTN 05/15/90
CAMMA SPEC RESWT  2-8IcMA OTHER RESWLT  2-51GMA
K40 1.85E+41 0.30E+! CROSS ALPHA 1.BCE+1  0.83E+t
Cs-137 <2. 0E-1 6ROSS BETA 2 S4E+1  0.97E+1
RA-226 [.18E+0 0. 1E+0 U238 1.2/ 0.26E+0
RA-228 1LSSE+0  0.2&EX0 U-235/236  <6.0E-L
' U-238 9.71E~1 L 17E-L
TH-230 306840 0.85E+0
Th-222 1. 64E+0 0. 42E40
SAMPLE 1D UB-e FRACTION 124  TEST COCE 6S NAME GAMMA SPEC
Data & Tide Collected C4/1279 Latagory

| s wa”

UNITS pCi/g

WRTN 05/15/90

GAMMA SPEC

K-40

$S-177
RA-256
RA~228

RESAT  2-S16MA

1.97E+1 0, J2E+1
2 13E~1 0. 54~
1.23+0 0. 14640
1.526+0 0.21E+0

GROSS ALPHA
CROSS BETA
U-254
U-235/23
-8
TH-230
TH-232

VERIFIED BY RDV

RESULT

2 TSE+
2 S1E+
1. 19840
<b. 0E~)
1. 16E40
FR-Pi2]
1. 22EH

2-SIGHA

0. 99E+1
0. BOE+1
0. 27e¥0

0. 26810
0. SeE+0
0. 3£+

WLLFOIA4312 - 015 - 0172860



rage 7 ITRSL Oak Ridge REPORT Work Order # S0-04-048
deceived: 04/13/90 Results by Sample
SNPLE ID Bt-A FRACTION 13A  TEST CQIE €S NAME GAMMA SPEC
Date & Time Collected 04/12770 Category —
WNITS pCi/g VERIFIED BY RDM
WRTN 03/15/%0
GAA SPEC  RESWLT  2-SIGMA OTHER RESWLT  2-5IGMA
K-40 1.24E41 0.22E+1 GROSS ALPHA 1.63E+3  0.34E43
Cs-137 (-t CROSS BETA  3.13E42 0. b4E+2
R&-225 3.9%E+1 0.3E+1 U234 7.91E40  1.03eH0
RA-228 9. 59E-1  3.40E-1 U~/ <. OE-L
U-228 6.905+0  0.92E+0
TH-220 1.56E+2  0.37E+3
22 5.056+0 159540
SAWPLE 1D B1-9 FRACTICN 144  TEST CODE o3 NAME GAMMA SPEC
Datz & Tize Collacted 04/15750 TLateqoTy
UNITS pCifgq VERIFIED BY RDV

WATN 05/15/50°

CAA SPEC

K-40

Cs-137
RA-224
RA-2Z28

RESWLT

6. TBEXD
2 (g1
2 96E+]
9. 35e-1

2-SIQt
1. 45EX0

0. 45E+1
2 97e-1

GROSS ALPHA
SROSS BETA
U-234
U-235/23
238
TH-220
TH2z

RESWLT

1. 9E+3
3. 04E+2
b JEH
<4, 0E-1
6. 33E+0
1. 39E+3
4 11E+0

2-SIGMA

0. 4CE+3
0. 4E+2
1. 06E+0

1. 06E+0
0.27E+3
1. 1ZE40

WLLFOIA4312 - 015 - 0172861
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Wdork Order § SD-04-048

NAME GAMMA SPEC

WRTN 05/15/90

Lategory

NAME QaMMA SPEC

Fage 8 ITRSL Cak Ridge REPORT
Received: 04/13/90 Results by Saaple
SN®PLE 1D B1-£ FRACTION 15A  TEST LODE &S
Date & Time Collected 03/iT/H
UNITS pCi/g VERIFIED BY RV
WRTN 05715450
GAMMA SPEC  RESWLT  2-SIGMA OTHER RESULT  2-5I6MA
K-40 1. 16E+1 D.Z0E+1 GROSS ALPHA 1.B1E+3 0.37E+3
€5-137 3.21E-1  (0.90E-1 CROSS BETA 274842 0. 568+2
RA-224 2. 40E+t  0.J7E:L U2 7. 4640 104X
RA-228 135840 Q.22E+0  U-235/238 (6. 0E-:
U-238 7.0CE+0  0.99EX0
TH-230 1.43E43 0. 38E4S
TH-232 & &5E40 2 1SEX0
SAMPLE 12 B2-4 FRPACTICN 144 TEST COLE 68
Date & Tize Collectad Q47127
UNITS pCi/g VERIFIED BY RDJ

CAMMA SPEC RESWILT  2-816W (OTHRR RESWLT  2-5IGMA
K-30 9.40E+0 1.8X+0 GOROSS ALPHA 7.B1E+3 1.37E+3
€s-1%7 < Q&+t GROSS BETA 9.49E+2 1.97E+2
RA~225 1.51E+1 0.19E+1  U-234 1.80E+{  0.24e+1
RA-228 1.2%E+0  0.28E40 U-233/238 2 1EH 0. H4EXD
U-228 1. 148+1 0. 16E+1
TH-230 3.72E+3  0.TBE+3
TH-222 43340 L.31EX

Catagcty

WLLFOIA4312 - 015 - 0172862



|
L

-

fage 8
Received: 04713790

ITRSL Cak Ridge

Results by Sample

REPORT

Work Order $ 50-04-038

SAMPLE ID B1-C

FRACTICN 135A

UNITS pCi/a
KRTN 05/15/50

-

WRTN 05/15/90

1SA  TEST CODE 6§
Date & Tize Collected 03/i37%0

NAME GAMMA SPEC

VERIFIED BY RDJ

- Lategory

HAME GaMMA SPEC

CAMMA SPEC  RESWLY  2-5IGMA OTHER RESULT  2-SIGMA
K-40 1.16E+1 0.20E+1 GROSS ALPHA 1.81E+43 0.J7E+3
(s-137 J.21E-1 0.90E-1 GROSS BETA 2. 74E+2 (. S8E+2
RA-226 2. 40E+1  0.37E+1 24 7.43E+0 104840
fA-228 1.2%e+C Q.22E+0 U~235/236  <6.0E-t

U-228 7.00E+0 Q.99+

TH=-230 1. 43843 Q. JLE+3

TH-232 6. 65E+0 2 15E0

SAMPLS T2 B2-4 FRACTICN 144 TEST CCIE 6S
Date & Tize Collected &4/137<3

UNITS pCi/g VERIFIED BY RDV

GAMMA SPEC  RESULT  2-SI6W (OTHR RESULYT  2-SIGMA
K-40 9.402+0 1.B3E40 GROSS ALPHA 7.BIE+3 1. 57E+3
€s-137 Q 0e+t GROSS BETA 9.49E+2 1.97E+2
RA-226 1.51E+1  O.15E41 U234 1.B0E+1  0.24E+L
RA-228 {.25E40  0.38E+0 U-235/235 2 13EH) 0. MEHD
: v-28 1. 14841 0. 16E+!

TH-230 3.7E+3 0. TEE+3

TH-222 4 33E+0  1.31EXW

Latagory

WLLFOIA4312 - 015 - 0172863



Page 9
Received: 04/13/90

ITRSL Dat Ridge
Resu

REPORT
1ts by Sasple

Werk Order # S0-04-048

NAME CAMMA SPEC

SAWLE 1D B2-3 FRACTICN 174 TEST CODE 65
Date & Time Collected 04/12/%0 —Category -
UNITS pCi/g VERIFIED BY RDV
WRTN 05/15/90
GA™MA SPEC  RESWLY  2-8I% (OTHER RESWLT  2-SI6MA
K-40 9. 1EE+0 1.72E+) GROSS ALPHA 3.54E+3 1. 12E+3
Cs-137 Q. Q&1 GROSS BETA 7.78E+2 1.59E+2
RA-226 5.9+t 0.47E+l U234 1135+ 0. 15E+t
RA-z28 1. 16E+0 0.31E+) U-235/23 (4. (E-!
U238 4.53E#0  0.92E+0
TH-220 2 B2E+3 0. 3EE+3
TH-232 1.31E+1 0. 3CE+!
CAMPLE 1T 22-C FRACTION 18A  TEET CCLE 55 NAME GaMMa EPEC
Datz & Tize Collected 04/12/% tategory
UNITS pCifg VERIFIED BY AV
WRTN 05/15/90
CatA SPEC  RESWT  2-5IGMA OTHER RESULT  2-SISMA
K-30 9.53E+0 1.51E+0 CAOSS ALPHA 1.08E+3 0.2%E+3
Cs-137 Q. 0E-1 - GROSS BETA 1. 49E+2 0.3TE+2
RA-224 9.88E+0 1.59EH0 U-24 1.98640 0.33%EH0
RA-228 9.90E-1 1.73E-1 U-235/236  b.b1E-1  1.62E-]
U-238 2 14840 0.35EX
TH-230 5.74E+42 1142
TH-232 1. 16840 0.49E40

WLLFOIA4312 - 015 - 0172864
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fage 10 ITRSL Dak Ridge REFORT Work Order § S0-04-048
Received: 04/13/90 Results by Saaple
SAMPLE ID BKG FRACTIDN 19A  YEST CODE 65 NAME BAMMA SPEC
Date & Tiae Collected 04/12/50 Category ____
UNITS pCi/g VERIFIED BY RDJ
WRTN 05/15/%90
GAMMA SPEC  RESWILT  2-5i6MA (OTHEER RESULT  2-5I6MA
K~-40 1.31E+1 0.29E+1 GRGSS ALPMA 3.30E+1 1. 14E+{
€s-177 Q. et CROSS BETA 2 79E+1 0. Q4E+
RA-225 1.09e+0 0. 12E40 U-2Y4 1L1ZE+0 0. 2EN
RA-228 1.3z 0.18E+0 U-223/228  (4.CE-1
U-238 1. 14640 0. J1E+D
. TH-230 3.386E+0  0.51EH0
' TH-232 1. 5440 0.3

WLLFOIA4312 - 015 - 0172865
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@ = SOUTHWEST LABORATORY
OF OKLAHOMA, INC.
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A 1\
May 7, 1990

David Purington ,
DAMES & MOORE

11701 Borman Drive, Suite 340

St. Louis, Missouri 63146

Project: 19943 - 002; Ford Earth City

Dear Mr. Purington:

Enclosed are the analytical results for your samples received
in our laboratory on April 17, 1990, for the above captioned

project.

All the samples were originally extracted on April 17, 19S0.
The acid surrogates were outside QC limits for sample MW105,
MW106 and MW107. These samples were re-extracted on Aprril 28,
19290 and re-analyzed on May 1, 1990. The acid surrogates also
did not meet the recovery criteria for sample MW105 and MW106.
This indicated a matrix effect. We have reported the data frcm
the reanalyses for these three sampls.

Per your request we have preformed a matrix spike and duplicate
for the following samples;

MW101 (cyanide), MW105 (metals)

Additional Matrix Spike/Matrix Spike Duplicates will follow
with the completion of the remaining portion of this project.

If, in your review, you should have any questions or require
additional information, please call.

Sincerely,
) .

.,/ ;
oz
g / - ;

Randy Staggs MOORE
Project Manager . DAMES &
Moy 6§ 1960

ST, LOUIS, alissou

RS/31
Enclosures

1700 WEST ALBANY. SUITE C ® BROKEN ARROW. OK 74012
(918) 251-2858 * FAX (918) 251-2599

- e - el bl b e ' des' b s ' dm -

l
l

WLLFOIA4312 - 015 - 0172866
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1700 W. AIbany' o Suite "C" « Broken Arrow, Oklahoma 74012 « 918-251-2858

E;|
~BEENT: DAMES & MOORE REPORT: 23I88.01M
11701 BORMAN DRIVE, SUITE
ST. LOUIS, MO 63146  DATE: 05-07-90
" ATTN: DAVID PURINGTON
] SAMPLE MATRIX: WATER
SWLOD # 2288.01
: DATE SUBMITTED: ©(©4-17-90
PROJECT: 19943 - 002; FORD EARTH CITY '
] SAMPLE ID: MW1iO1L
l DET. DATE METHOD
AMETER LIMIT UNIT RESULTS ANALYZED REFERENCE
TAL CYANIDE 0.02 mg/L ND 04=-27-30 SM 412D
OTAL _METALS
iSENIc 10,0 ug/L ND 0S=-02-90 EFA 206.2
=AD Z.0 ug/L ND 0S5=01-90 EFA 239.2
ERCURY 0.2 ug/L  ND 04-25-90  EFA 245.1
! SNTIUM 3.0 ug/L ND 09=-02-90 EFA 270.2
ALLIUM 10.0 ug/L ND 05-01=-90 EFA 279.2
WNTIMONY T0.0 ug/L ND 04-25-90 EFRA 200.,7
RYLLIUM 5.0 ug/L ND (4-25-90 EFA 200.7
DMIUM 5.0 ug/L ND 04-25-90 EFA 200.7
SHROMIUM 5.0 ug/L ND 04-25-90 EFA 200.7
BFFER 10.0 ug/L 152 04-25-90 EFA 200,7
iCk::EL 10.0 ug/L ND - Q4-25-90 EFA 200.,7
SILVER 10.0 ug/L ND 04-25-9¢ EFA 200.7
?INC 10.0 ug/L 102 04-25=9C EFA 200.7

TN T T .

BEPALOO/4-79-020, MARCH 1985
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION

WLLFOIA4312 - 015 - 0172867
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- 1700 W. Albany . Suite "C" . Broken Amow, Okiahoma 74012 . 918-251-2858

- ENT: DaAaMES &% MOORE -~ REPORT: 2388.01H
11701 BORMAN DRIVE, SUITE 340 '
ST. LOUIS, MO 63146 DATE: 05-07-90

ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER

SWLO # 2388.01 ,
DATE SUBMITTED: 04-17-90

DATE EXTRACTED: 04-27-90

DATE ANALYZED: 0S-02-90

METHOD REFERENCE: SWB46-8150, EFA METHODOLOGY

PROJECT: 19947 - 0023 FORD EARTH CITY

SAMPLE ID: mMWi101

RESULTS REFORTED IN ug/L OR Parts Per Billion

- DET.
HERBICIDES LIMIT : RESULTS
2,4-D 1.0 ND
2,4,5-TFP (SILVEX) 0.2 ND

]

SIS A R [ R e ey

3A/0C SURROGATE RECOVERY

2,4,5-T (10-98) 85%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATIUN
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

SURROGATE RECOVERY QUTSIDE OF QC LIMITS

i
W nn

}

NN B

WLLFOIA4312 - 015 - 0172868
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1700 W. Albany « Suite "C" «» Broken Amow, Oklahoma 74012 . 918-251-2858

DAMES % MOORE

REPORT: 2388.01F

11701 BORMAN DRIVE, SUITE 340

ST. LOUIS, MO 43146

DATE: 05-07-90

ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER

SWLO # 2388.01

DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-90

METHOD REFERENCE:
SAMPLE ID: MW101

SW846-8080, EPA METHODOLOGY

RESULTS REFORTED IN ug/L OR Parts Per Billion (FPR)

PESTICIDES/PCB'S

ALPHA~BHC
BETA-BHC

DELTA-EHC
GAMMA-EHC (L INDANE )
HEPTACHLOR

ALDRIN

HEPTACHLOR EPOXIDE
ENDOSULFAN I
DIELDRIN

4,4-DDE

ENDRIN

ENDOSULFAN 11
4,4-DDD

ENDOSULFAN SULFATE
4,4-DDT
METHOXYCHLOR
ENDRIN KETONE
ALPHA~CHLORDANE
GAMMA=-CHL ORDANE
TOXAPHENE
AROCHLOR-1016
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1248
AROCHLOR=-1254
ARDCHLOR-1260

DETECTION LIMIT RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
WD
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

- * = = = & = & =
OO UV UNAU U SLLI LI s s = OO0 0COO00
Lh L L /L cn L Ln

s = =

_—t O 00O O R OO0 COOOCTCOOCCOOOOO0O0o0

84/8C_SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-134) 94%

»x m ey X

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE:
AMALYTE DETECTED IN BLANK AS WELL AS SAMFLE
SURRDGATE RECOVERY OUTSIDE OF Q€ LIMITS

CONCENTRATION BELOW LIMIT OF QUANTITATIGN

WLLFOIA4312 - 015 - 0172869
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NT: DAMES & MOORE

ATTN:

SAMFLE MATRIX:
SWLO # 2388.01
DATE SUBMITTED:
DATE ANALYZED :

PROJECT:
SAMPLE ID:

LATILES

.-!ommmms
MMOME THANE

“NYL CHLORIDE  °

OROETHANE
‘mEIHYLENE CHLORIDE
(5CETONE

'BON DISULFIDE
'{-DICHLOROETHENE
1y 1-DICHLOROE THANE

OROFORM

1D ICHLOROE THANE

i%- BUTANONE
,1-TRICHLOROETHANE

'CPkBON TETRACHLORIDE

JINYL ACETATE

'JMODICHLORGMETHANE

' {NS-l,Z-DICHLOROETHENE

.INLUENE-dB(88-110) 97%

S

ESTIMATED VALUE:

L B R
aowouon

METHOD REFERENCE:

WATER

04-17~-90
04-18-90

MWio1

DET.

LINIT RESULTS

11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 43144
DAVID PURINGTON

REFPORT:

DATE:

SWB844-8240, EPA METHODOLOGY
19943 - 00Z;

FORD EARTH CITY

RESULTS REFORTED IN ug/L OR Parts Per Billion (FFR)

VOLATILES

10
10
10
10
S

10
R

o

ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

1,1,2,2-TETRACHLOROETHANE

1,2-DICHLOROFPROFANE

TRANS-1,3-DICHLOROFRCFENE

TRICHLORCETHERE
DIBROMOCHLORONE THANE
1,1,2-TRICHLORGE THANE
BENZENE
CIS-1,3-DICHLOROFROFENE
2-CHLOROETHYLVINYLETHER
BROMOFORM

2-HEXANONE
4-METHYL~2-PENTANONE
TETRACHLOROETHENE
TOLUENE

CHLOROBENZENE
ETHYLBENZENE

STYRENE

TOTAL XYLENES

GA/8C SURROGATE RECOVERIES

BROMOFLUORQOBENZENE(86-~115) 93%

NOT DETECTED ABOVE QUANTITATION LIMIT

CONCENTRATION BELOW LIMIT OF QUANTITATICN
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

SURROGATE RECOVERY QUTSIDE OF QC LIMITS

2388.01V

05-07-90

SOUTHWELEST LABORATORY OF OKLAHUMA, LINC.

1700 W. A!bany Suite "C” « Broken Amow, Oklahoma 74012 . 918-251-2858

DET.
LIMIT RESULTS

5 ND
3 ND
5 ND
3 ND
5 ND
3 ND
5 ND
S ND
1 ND

(=]

S ND
i ND -
1 ND
5 ND
S ND
S
S
S
S

OO

ND
ND
ND
ND

1,2-DICHLOROETHANE-d4(76-114) 977

WLLFOIA4312 - 015 - 0172870
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-I' 1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858
‘S & MOORE \ REFORT: 2388.01K
w8 BORMAN DRIVE, SUITE 340
71':1uxs, MO 43146 DATE: 05-07-90
¢z DAVID PURINGTON
:nt MATRIX: WATER DATE SUBMITTED: 04-17-99
‘ 2388.01 DATE EXTRACTED: 04-17-99
_I0D REF.: SWB46-8270, EPA METHODOLOGY DATE ANALYZED : 04-246-99
g T: 19943 - 002; FORD EARTH CITY
ID: MW101
‘ r
s DET. RESULTS DET. RESULTS
;HLLATILES LIMIT (ug/L)  SEMIVOLATILES LIMIT (ug/L)
™~ 10 ND ACENAPHTHENE 10 ND
1—CHLOR‘OETHYL)ETHER 10 ND 2,4-DINITROFHENOL 50 ND
= MOROPHENOL 10 ND 4-NITROFHENOL 50 ND
~DICHLORDOBENZENE 10 ND DIBENZOFURAN 10 ND
‘!]ICHLOROEENZENE 10 ND 2,4-DINITROTOLUENE 10 ND
NI ALCOHOL 10 ND 2,6~DINITROTOLUENE 10 ND
-DICHLOROBENZENE 10 ND DIETHYLPHTHALATE 10 ND
HYLPHENOL 10 ND 4-CHLOROPHENYL-PHENYLETHER 10 ND
~CHLOROISOFROFYL)ETHER 10 ND FLUORENE 10 ND
"=THYLFHENOL 10 ND 4-MITROANILINE 50 ND
SIROSO-DI-n-PROFYLAMINE 10 ND 4,5-DINITRO 2-METHYLPHENOL SO ND
1HLOROETHANE 10 ND N-NITROSODIFHENYLAMINE(1) 10 ND
BENZENE 10 ND 4-ZROMOFHENYL-FHENYLETHER 10 ND
PHORGNE 10 ND HEXACHLORGRENZENE 10 ND
ROFHENOL 10 ND FENTACHLOROFHENOL 10 ND
IMETHYLFHENOL 10 ND PHENANTHRENE 10 ND
T0IC ACID 50 ND ANTHRACENE 10 ND
-CHLOF\OETHUXY)HETHANE 10 ND DI-N-BUTYLPHTHALATE 10 ND
ICHLOROFHENOL 10 ND FLUORANTHENE 10 ND
-TRICHLOROBENZENE 10 ND PYRENE 10 ND
HALENE 10 ND BUTYLBENZYLPHTHALATE 10 ND
OROANILINE 10 ND 3,3-DICHLOROKENZIDINE 20 ND
:XMEHLOROBUTADIENE 10 ND BENZO(A) ANTHRACENE 10 ND
ORO-3-METHYLPHENOL 10 ND BIS(2-ETHYLHEXYL)PHTHALATE 10 ND
-iHYLNAPHTHALENE 10 ND CHRYSENE 10 ND
:X@BHLOROCYCLOPENTADIENE 10 ND DI-N-OCTYL PHTHALATE 10 ND
= 6-TRICHLOROPHENOL 10 ND BENZO(B)FLUORANTHENE 10 ND
-TRICHLOROPHENOL 50 ND HENZO(K) FLUORANTHENE 10 ND
ORONAPHTHALENE 10 ND BENZO(A)PYRENE 10 ND
ROANILINE 50 ND INDENO(1,2,3-CD)FYRENE 10 ND
HYLPHTHALATE 10 ND DIBENZ(A,H) ANTHRACENE 10 ND
:iF‘HTHYLENE 10 ND BENZO(G,H,I)PERYLENE 10 ND
-NIEROANIL INE 50 ND
‘i @A/QC_SURROGATE RECOVERIES
CONENZENE-d5(35-114) 555 2-FLUOROBIPHENYL(43-116) 51% TERPHENYL-d14 (33-141) 43%
Eﬁ (10-94)  &B8% 2-FLUOROFHENOL (21-100) 43% 2,4,6-TRIBROMOFHENQOL(10-123) 40%
.l NOT DETEZTED AZOVE QUANTITATION LINIT
ESTIMATED YALUE: CONCENTRATION BELOW LINIT OF QUAMTITATION

ANALYT: DE'E"TED IN BLANK AZ WELL AS SANFLE
l URROGATE RECOVERY DUTSIDE NOF QC LINITS

e R :
WLLFOIA4312 - 015 - 0172871



SOUTHWEST LABORATORY OF OKLAHOMA,

1700 W. Alban; « Suite "C" « Broken Arrow, Oklahoma 74012 « 918-251-2858

DAMES % MOCRE
11701 BORMAN DRIVE, SUITE 240
ST. LOUIS, MO 63146

REPORT:

INC.

2388.02M

DATE: 05-07-90

_' ATTN: DAVID PURINGTON
l SAMPLE MATRIX: WATER
- SWLO # 2388.02
B DATE SUBMITTED: 04-17-90
I PROJECT: 19947 - 0023 FORD EARTH CITY
- SAMPLE ID: MW10OS
l DET. DATE METHOD
TARAHETER LIMIT UNIT RESULTS  ANALYZED _ REFERENCE
TIlAL CYANIDE 0,02 mg/L  ND 04~27-90  SM 412D
J AL METALS
ﬁ!tENIC 10,0 ug/L  ND 05-02-90  EFA 2046.2
[EAD T.0 ug/L  ND 0S-01-90  EFA 229.2
;E:CUF\'Y 0.2 ug/L  ND 04-25-90  EFA 245.1
LENIUM S.0 ug/L  ND 0S-02-90  EFA 270.2
SHALLIUM 10,0 ug/L  ND 05-01-90  EFA 279.2
_Ei:IMONY TO.0 ug/L  ND 04-25=-90  EFA 200.7
! YLLIUM 5.0 ug/L ND 04=-25-90 EFa 200.7
LADMIUM 8.0 ug/L  ND 04-25-90 EFAQ 200.7
@ROMIUM S.0 ug/L  ND 04-25-90 EFA 200.7
lﬂPPER 10.0 ug/L 75 04~-25-90 EPA 200.7
|NTCKEL 10.0 ug/L  ND 04-25-90  EPA 200.7
LVER 10.0 ug/L  ND 04-25-90  EPA 200.7
«JNC 10,0 ug/L 489 04-25-90  EFA 200.7

Z
o
oo

BEPRLOO/84-79-020, MARCH 1985
NOT DETECTED ABCVE QUANTITATION LIMIT
STANDARD METHQOD,

16TH EDITION

WLLFOIA4312 - 015 - 0172872



| SOUTHWEST LABORATORY OF OKLAHOUMA, 11N,

‘ l 1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 « 918-251-2858

:L'ENT: DAMES & MOORE REPORT: 2388.02H
- 11701 BORMAN DRIVE, SUITE 340 :
| ST. LOUIS, MO 643146 DATE: 05-07-90

"' ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER

- SWLO # 2388.02

I DATE SUEMITTED: 04-17-90
N DATE EXTRACTED: 04-27-90
i DATE ANALYZED:  0S5-02-90

I METHOD REFERENCE: SWB46-8150, EPA METHODOLOGY
- PROJECT: 19943 - 0023 FORD EARTH CITY

| SAMPLE ID: MW10S

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET. .
HERBICIDES LIMIT RESULTS
2,4-D 1.0 ND
2.4,5~-TP (SILVEX) 0.2 ND
0a/QC SURROGATE RECOVERY

2,4,5-T (10-98). 91.2%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATICN
ANALYTE DETECTED IN BLANK AS WELL AS SAMFLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

el e R e S

WLLFOIA4312 - 015 - 0172873
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C” « Broken Arrow, Okiahoma 74012 . 918-251-2858

DAMES & MOORE

REFORT: 23588.0ZP

11701 EORMAN DRIVE, SUITE 340

ST. LOUIS, MO 43146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER

SWLO # 2388.02

DATE: 05-07-90

DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-%0

METHOD REFERENCE:
SAMPLE ID: nMW10S

SW846-8080, EPA METHODOLOGY

RESULTS REPORTED IN ug/L OR Parts Per Billion (PFB)

PESTICIDES/PCB'S

ALFHA~BHC
BETA-BHC

DELTA~EHC
GAMMA~BHC (L INDANE)
HEPTACHLOR

ALDRIN

HEFTACHLOR EFOXIDE
ENDISULFAN I
DIELDRIN

4,4-DDE

ENDRIN

ENDOSULFAN II
4,4-DDD

ENDOSULFAN SULFATE
4,4-DDT
METHOXYCHLOR
ENDRIN KETONE
ALPHA=-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLOR-1016
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR~1240

DETECTION LIMIT RESULTS
0.03% ND
0.05 ND
0.03 ND
0.0% ND
0.05 ND
0.05 ND
0.0% ND
0.035 ND
0.1 ND
0.1 ND
0.1 ND
0.1 ND
0.1 ND
0.1 ND
0.1 ND
0.5 ND
0.1 ND
0.9 ND
0.5 ND
1.0 ND
0.5 ND
0.5 ND
0.5 ND
0.5 ND-
0.3 ND
1.0 ND
1.0 ND

8A/QC SURROGATE RECDVERIES

DIBUTYLCHLORENDATE (24~134) 63%

o ca Z

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE:
ANALYTE DETECTED IN ELANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITES

CONCEMTRATION BELOW LIMIT OF QUANTITATION

WLLFOIA4312 - 015 - 0172874



e

I (-t
an am =i s =Em

A

e

DUULILIYYLOL LADURALUNL Ul UNDNLALIVULYLR,

Liv.

1700 W. Albany « Suite "C” « Broken Amow, Oklahoma 74012 « 918-251-2858

DAMES & MOORE

11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 43146

ATTN: DAVID PURINGTON

SAMFLE MATRIX:

SWLD ¥ 2388.02
DATE SUBMITTED:
DATE ANALYZED :
METHOD REFERENCE:
PRQJECT:

SAMPLE ID:

WATER

04-17-90
04-18-90

19943 ~ 002;
MWio5

REFORT: 2388.0

DATE:

SW8446~B240, EFA METHODOLOGY
FORD EARTH CITY

\ZSULTS REPORTED IN ug/L OR Parts Fer Billion (FFR)

DET.
g;lm.r—:s LIMIT RESULTS VOLATILES
i
g RGMETHANE 10 ND 1,1,2,2-TETRACHLOROETHANE
=R!0METHANE 10 ND 1,2-DICHLOROFROFANE
—NYL CHLORIDE 10 ND TRANS-1,3-DICHLORCFROFENE
_WOROETHANE 10 ND TRICHLOROETHENE
!E‘iYLENE CHLORIDE 5 18 R DIKROMOCHLOROME THANE
L MONE 10 4 J 1,1,2-TRICHLOROETHANE
\REON DISULFIDE -5 ND KENZENE
DICHLOROETHENE 5 ND C15-1,3-DICHLOROFROFPENE
, IEDICHLOROETHANE 5 ND 2-CHLOROETHYLVINYLETHER
“JANS-1,2-DICHLORCETHENE 5 ND BROMOFORM
ROFORM 5 ND 2-HEXANONE
o DICHLOROETHANE 5 ND 4-METHYL-2-PENTANONE
3— TANONE 10 ND TETRACHLOROETHENE
1-TRICHLOROETHANE 5 ND TOLUENE
ON TETRACHLORIDE 5 ND CHLOROBENZENE
1 L ACETATE © 10 ND THYLBENZENE
MODICHLOROMETHANE 5 ND - STYRENE

— il io’ﬂf '

L

|

 mim-! *,J *

ENE-dB(88-110) 103%

ESTIMATED VALUE:

TOTAL XYLENES

8A/8C SURROGATE RECOVERIES

BROMOFLUGROBENZENE(86-113)

NOT DETECTED ABOVE QUANTITATION LIMIT

CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN HLANK AS WELL AS SAMFLE

SURROGATE RECOVERY OQUTSIDE OF QC LIMITS

90%

035-07-90

2y

DET.

L

IMIT RESULTS

TRV T WYY N N T N T I N A BT R RS R

o

OO

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

1,2-DICHLOROETHANE-d4(76-114) 103%

WLLFOIA4312 - 015 - 0172875



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

l 1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 « 918-251-2858

JES & MOORE

iO BORMAN DRIVE, SUITE 340

UIS, MmO 431446
Nz DAVID PURINGTON

&

—— s

MATRIX:
2388. 0;

WATER

8

REF.: 6Su844-8270, EPA METHODOLOGY
O T: 19943 - 002: FORD EARTH CITY
n

ID: MW10S

LLATILES

‘ !-CHLDROETHYL)ETHER
ORCPHENOL

3-DICHLORORENZENE

3R ICHLOROBENZENE

"NIWL ALCOHOL

-DICHLOROKENZENE

JIHYLF‘HENOL

-CHLOROISOFROFYL)ETHER

NETHYLPHENOL
NIFROSC-DI-n-FROFYLAMINE
fiHLORDETHANE
ITROBENZENE
JFHORONE
ROFHENOL
IMETHYLFHENGL
={ZOIC ACID
2-CHLOROETHOXY ) METHANE
. 3D ICHLOROPHENOL
2+ 4-TRICHLOROBENZENE
SHTHALENE
—‘LOROANILINE
£ ®CHLOROBUTADIENE
= HLORO-3-METHYLFHENOL
THYLNAPHTHALENE
CHLOROCYCLOPENTADIENE
=3,6-TRICHLOROPHENOL
/im 5-TRICHLOROFHENOL
!LOR‘GNAPHTHALENE
-NITROANILINE
THYLPHTHALATE
__EJAPHTHYLENE

TROANILINE

HENZENE-45 (35~
L-d5

DET. RESULTS
LINIT f(ug/L)
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
19 ND
10 ND
10 ND
19 ND
10 ND
50 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
50 ND
10 ND
50 ND
10 ND
10 ND
50 ND

114) 874
(10-94) 175

" REFORT:

DATE: 05-07-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

SEMIVOLATILES

ACENAPHTHENE
2,4-DINITROFHENOL
4~NITROFHENOL
DIBENZOFURAN
2,4-DIMITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLFHTHALATE

4-CHLOROPHENYL-FHENYLETHER

FLUGRENE
4-NITROANILINE
4,6=-DINITRO
N-NITROSODIFHENYLAMINE (1)
4-BROMOFHENYL-FHENYLETHER
HEXACHLOROBENZENE
FENTACHLOROFHENGL
FHENANTHRENE

ANTHRACENE
DI-N-BUTYLFHTHALATE
FLUORANTHENE

PYRENE
BUTYLRBENZYLFHTHALATE
S+5-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE

BIS{Z2-ETHYLHEXYL)FHTHALATE

CHRYSENE

DI-N-OCTYL PHTHALATE
BENZO(B)FLUQRANTHENE
BENZO(K)FLUGRANTHENE
BENZO(A)PYRENE
INDENQ(1,2,3-CD)PYRENE
DIRENZ (A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

3A/8C SURROGATE RECOVERIES

o-FLUCRORIFHENYL(43-114) 74%
c-FLUOROFHENOL 3

= NOT DETECTED AROVE QUANTITATION LINMIT

1
¥
i

= TIATTHMATER

AL I .

(21-100)

CONCENTRATION ZELOW LIMIT OF QUANTITATIOH

2388.02B

<-METHYLFHENOL

TERFHENYL-d14
X 2,4,6-TRIDROMOFHENOL (10-123)

04-17-90

04-26-90

05-01-90,
DET. RESULTS
LINIT (ug/L)
10 ND
50 ND
50 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
50 ND
50 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
2 ND
10 ND
10 2 J
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND
10 ND

(33-141) 85

10%

WLLFOIA4312 - 015 - 0172876



DA T U AT e @R b mm——

1700 W. Albany Suite "C" + Broken Armrow, Oklahoma 74012 . 918-251-2858 7

iIENT: DAMES & MOORE REFORT: 2288.03M
3 11701 BORMAN DRIVE, SUITE 340
j ST. LOUIS, MO 63146 DATE: ©05-07-90
I ATTN: DAVID PURINGTON
M
. SAMPLE MATRIX: WATER
l SWLOD # 2288.03
» DATE SUBMITTED: 04-17-90
. PROJECT: 1994% - 0023 FORD EARTH CITY '
l SAMPLE ID: MW106
- l DET. DATE METHOD
- RAMETER LIMIT UNIT RESULTS ANALYZED REFERENCE
-ETAL CYANIDE 0,01 mg/L ND 04-27-90 SM 412D
TAL METALS
'tssmc 10.0 ug/L  ND 05-02-9C¢  EPA 206.2
_1-)s) .0 ug/L  ND 05-01-90  EPA 239.2
MEXRCURY 0.2 uwg/L ND 04-=-25-90C EFA 245.1
-—ELENIUM 5.0 ug/i ND OS=02=9¢C EFA 270.2
ALLIUM ‘ 10,0 ug/L ND 03=01-30 EFA 279.2
MANT IMCONY ' 0.0 ug/L 44.7 04-25-90 EFA 200.7
=~ yYLL UM 3.0 ug/L ND 04=-25~-90 EFA Z200.7
DMIUM 5.0 ug/L MD Q4-25-30 EFA Z00.7
-HROMIUM S.0 ug/L ND 04-25-30 EFA 200.7
_OFFER 10,0 ug/L 80 04-23-90 EFA 200.7
‘lIC:t:'.EL 10,0 ug/L ND 04-25-90 EFA Z200.7
ILVER 10,0 ug/L ND 04-295-90 EPA 200.7
*=ZINC 10,0 ug/L  S6.4 04-25-90  EFA 200,7
FA #EPALODO/4-79-020, MARCH 19895

D
'M

NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION

WLLFOIA4312 - 015 - 0172877
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1700 W. Albany . Suite "C" « Broken Amow, Oklahoma 74012 + 918-251-2858

DAMES & MOORE

11701 BORMAN DRIVE, SUITE 240
S§T. LOUIS, MO &32146

ATTN: DAVID PURINGTON

SAMFLE MATRIX: WATER

SWLO # 2388.03

DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW344-81%5Q
FROJECT: 1994Z - 0023 FORD
SAMFLE ID: MW106

RESULTS REPORTED IN ug/L OR P

REPORT: 2388.03H

DATE: 0S5S-07-%90

» EFA METHODQOLOGY
EARTH CITY

arts Fer Billion

‘ DET.
HERBICIDES . LIMIT RESULTS
2,4-D 1.0 ND
2,4,5-TFP (SILVEX) 0.2 ND

3A/GC SURROGATE

2,4,5-T (10-98)

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION E
ANALYTE DETECTED IN BLANK AS WELL AS SAMFLE
SURROGATE RECQOVERY QUTSIDE OF QC LIMITS

ELOW LIMIT OF QUANTITATION

WLLFOIA4312 - 015 - 0172878



L lNT :

PULLIAVYLEODL LADURNALURNI ULl UDLALLIULYLMNY &1
1700 w. AIbany Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES & MOORE

REFORT:

11701 BORMAN DRIVE, SUITE 340

ST. LOUIS, MO 63144
ATTN:

SAMPLE MATRIX:

SWLD # 2388.03

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :
METHOD REFERENCE:
SAMPLE ID: MW106

PESTICIDES/PCB'S

ALPHA-BHC

BETA-BHC

DELTA-BHC
GAMMA-EHC (LINDANE)
HEFTACHLOR

ALDRIN

HEFTACHLOR EPOXIDE
ENDOSULFAN I
DIELDRIN

4,4-DDE

ENDRIN

ENDOSULFAN II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT '
METHOXYCHLOR
ENDRIN KETONE
ALPHA-CHLORDANE.
GAMMA-CHLORDANE"
TOXAPHENE '
AROCHLOR-1016
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR=-1240

i

Wy Z

WATER

ESTINATED VALUE:

DATE:
DAVID PURINGTON

04-17-90
04-17-90
05-01-90
5W846-8080, EFA METHODOLOGY

DETECTION LIMIT

OO UNMUUUWWMOWUMWUNEU FMEPERME R 2AP 000000000

« « & » =
hepn ot ch Ao L

R ReNeNeNeoe NN NoNeoNoNeNeNeNolloNeNolNelNoNeNoNelNoNolNe Nl

8A/6C SURROGATE RECQVERIES
DIBUTYLCHLORENDATE (24~134)

NOT DETECTED ABOVE QUANTITATION LIMIT
CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMFLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

RESULTS REPORTED IN ug/L OR Parts Fer Billion (PFH)

70%

2388.03PF

05-07-90

WLLFOIA4312 - 015 - 0172879



N S N e jmm

L...hl _ hl

i

LUENE-dB8(38-110) 97%

ESTIMATED VALUE:

DUULILIYYILOL LADUMJ. UNIL UL UDLUAA\JLYALY AL Y e
1700 W. Albany Suite "C” « Broken Arrow, Oklahoma 74012 . 918-251-2858

. BROMOFLUCROBENZENE(36-115) 94X

NOT DETECTED ABOVE QUANTITATION LIMIT

CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMFLE

SURROCGATE RECOVERY OQUTSIDE OF GC LIMITS

NT: DAMES & MOORE REPORT: 23B88.03V
11701 BORMAN DRIVE, SUITE 340
- ST. LOUIS, MO 43146 DATE: 05-07-90
-l ATTN: DAVID PURINGTON
SAMPLE MATRIX: WATER
- SWLO ¥ 2388.03
_I DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
— METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
_. PROJECT: 19943 ~ 002; FORD EARTH CITY
SAMPLE ID: MW1d4
] RESULTS REPORTED IN ug/L Ok Parts Per Billion (FPE)
:ll DET.
ATILES LIMIT RESULTS  VOLATILES
Elor\om-: THANE 10 ND 1,1,2,2-TETRACHLOROETHANE
2B MONE THANE 10 ~ND 1,2-DICHLOROFROFANE
‘NYL CHLORIDE 10 ND TRANS-1,3-DICHLOROPROFENE
ORCETHANE 10 ND TRICHLOROETHENE
IHYLENE CHLORIDE 5 19 B DIEROMOCHLOROMETHANE
~“SETONE 16 4 I 1,1,2-TRICHLOROETHANE
\RBON DISULFIDE 5 ND BENZENE
#-DICHLDROETHENE 5 ND CI5-1),3-DICHLOROFROFENE
1-DICHLOROE THANE - ND 2-CHLOROETHYLVINYLETHER
tANS~1,2-DICHLOROETHENE 5 ND BROMOF ORI
“YBLOROFORM 5 ND 2-HEXANONE
2-DICHLOROETHANE 5 ND 4-METHYL-2-PENTANONE
“BUTANONE 10 ND TETRACHLOROETHENE
1,1-TRICHLOROETHANE 5 ND TOLUENE
!F\'BON TETRACHLORIDE 5 ND CHLOROEENZENE
-&NYL ACETATE 10 ND ETHYLBENZENE
OMODICHLOROMETHANE 5 ND STYRENE
i TOTAL XYLENES
9A/0C_SURROGATE RECOVERIES

M

- o
="
I

0

m

u

c

r

l—4

n

[T RS T N7 NS T R T T
o
A -4
(=] (=)

[
(= «]
ra
o

(T RTINS RT3 R
4
o

1,2-DICHLOROETHANZ-d4(76-114) 103%

WLLFOIA4312 - 015 - 0172880



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany Suite "C" . Broken Arrow, Okiahoma 74012 « 918-251-2858

& MOORE A REFORT: 2388.03B
BORMAN DRIVE, SUITE 340

UIs, M0 63146 DATE: 05-07-90
DAVID PURINGTON

MATRIX: WATER DATE SUBMITTED: 04-17-90
# 2388.03 DATE EXTRACTED: 04-26-90
D REF.: SWB46-8270, EPA METHODOLGGY DATE ANALYZED : 05-01-90
JCT: 19943 - 002; FORD EARTH CITY
WE ID: PMW1064
i DET. RESULTS DET. RESULTS
»SVOLATILES LIMIT (ug/L) SEMIVOLATILES LIMIT (uqg/L)
L 10 ND ACENAFHTHENE 10 ND
3 S-CHLOROETHYL)ETHER 10 ND 2,4-DINITROPHENCL 50 ND
LOROFHENOL 10 ND 4-NITROFHENOL 50 ND
ICHLOROBENZENE 10 ND DIBENZOFURAN 10 ND
ICHLORORENZENE 10 D 2,4-DINITROTOLUENE 10 ND
==YL ALCOHOL 10 ND 2.6-DINITROTOLUENE 10 ND
ICHLOROEENZENE 10 ND DIETHYLFHTHALATE 10 ND
HYLFHENOL 10 ND 4-CHLOROFHENYL-FHENYLETHER 10 ND
5™ . CHLOROISORROFYL)ETHER 10 ND FLUORENE 10 ND
THYLFHENOL 10 ND A4-NITROANILINE 50 ND
ROSO-DI-n-FROFYLAMINE 10 ND 4,6-DINITRO 2-METHYLFHENOL 50 ND
HLOROE THANE 19 HD N-NITROSODIFHENYLARINE (1) 10 ND
“OBENZIENE 10 ND 4-BROMOFHENYL-FHENYLETHER 10 ND
. JORONE 19 ND HEXACHLORORENZENE 10 ND
Nl ROFHEMOL 10 MD FENTACHLOROFHENDL 10 ND
A=DINMETHYLFHENOL 10 ND PHENANTHRENE 10 ND
IC ACID 50 ~ND ANTHRACENE 10 ND
SJE-CHLOROETHOXY)METHANE 10 ND DI-N-BUTYLFHTHALATE 10 ND
4% I CHLOROPHENOL 10 ND FLUORANTHENE 10 ND
TRICHLOROBENZENE 10 ND PYRENE 10 ND
iHALENE 19 ND BUTYLBENZYLPHTHALATE 10 ND
OROANILINE - 10 ND 3.3-DICHLOROBENZIDINE 20 ND
"t CHLOROBUTADIENE 10 ND BENZO{A)ANTHRACENE 10 ND
ORO-3-METHYLPHENOL 10 ND BIS(Z-ETHYLHEXYL)PHTHALATE 10 27
'iH-YLNAF‘HTHALENE 10 ND CHRYSENE 10 ND
:XACHLOROCYCLOPENTADIENE 10 ND DI-N-OCTYL PHTHALATE 10 ND
-TRICHLOROPHENOL 10 ND BENZO(B)FLUORANTHENE 10 ND
f—TRICHLOROPHENOL 50 ND BENZO(K)FLUORANTHENE 10 ND
DRONAFHTHALENE 10 ND BENZO(A)PYRENE 10 ND
“=TROANILINE S0 ND INDENO(1,2,3-CD)PYRENE 10 ND
!THYLPHTHALATE 10 ND DIBENZ (A H)ANTHRACENE 10 ND
APHTHYLENE 10 ND BENZO(G,H, I)PERYLENE 10 ND
-l TROANIL INE 50 ND

OBENZENE-45(33-114) 87% 2-FLUORCBIPHEMYL(43-114) 73% TERPHENYL-d14 (33-141) 7¢éx
OL-d% {10-94) 25%  2-FLUOROFHENOL (21-100) '8ux 2,4,4-TRIKROMOFHENOL(1C-123) 195%

NCT DETECTZD AROVE QUANTITATION LINMIT

ISTIMATED VALUE: CONCENTRATION BELOW LIMIT GF QUANTITATIGN
ANALYTE DETECTED IN BLARK A5 WELL AS SAMFLE

SURROGATT XECOVERY OUTSIDE IF @€ LINMITS

-.!..—i_'—

WLLFOIA4312 - 015 - 0172881
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SOUTHWEST LABORATORY OF OKLAHOMA,

1700 W. Albany' « Suite "C" « Broken Arrow, Qklgzhoma 74012 « 918-251-2858

INC.

“IENT: DAMES & MOORE REFPORT: 23138.04M
11701 BORMAN DRIVE, SUITE 340 _

‘I ST. LOUIS, MO &3146 DATE: 05-07-%90

- ATTN: DAVID PURINGTON

' SAMPLE MATRIX: WATER

= SWLO # 2788.04

- DATE SUBMITTED: 04-17-90 '

I PROJECT: 19947 - 002; FORD EARTH CITY

- SAMPLE ID: MW107

l : DET. DATE METHOD
ARAMETER LIMIT UNIT RESULTS ANALYZED REFERENCE
TOMAL CYANIDE 0.0% mg/L ND 04-27-90 SM 412D
1AL METALS
ARSENIC 10,0 ug/L ND 05-02-90 EFA 206.2
‘ D 2.0 ug/L ND D3-01-50 EFA 239.2
.;iCUF\'Y 0.2 ug/l ND 04-~25-30 EFA 2435.1
SELENTIUM S.0 ug/L  ND 0S5-02-90  EFR 270.2
THALLIUM 10,0 ug/L ND 08-01-90 EFA 279.2
@ IMONY TOL0 ug/L 351 04-25-50 EFA Z00.7
SERYLLIUM S.0 ug/L NG 04-25-90 EFa 200.7
LADMIUM 3.0 ug/L ND 04-235-390 EFA 200.7
WRCOMIUM 5.0 uwg/L ND 04-23-90 EFA 200.7
I FER 10.0 ug/L 62 04-25-30 EFA 200.7
MICKEL 10,0 ug/L 10.9 04-25-90Q EFA 200.7
WL VER 10.0 ug/t.  ND 04-25-90 EPA 200.7
.'I;C 10,0 ug/L 43.0 04-235=-%0 EFPA 200,7

(

g_l _.! hl

-

REPA&KOO/4-79-02C,
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION

MARCH 1985

WLLFOIA4312 - 015 - 0172882



'_'Jl SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany Suite "C" « Broken Arrow, Oklghoma 74012 . 918-251-2858

CLlENT: DAMES & MOQRE REFORT: 2388.04H
' 11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-0D7-90
ATTN: DAVID PURINGTON

SAMFLE MATRIX: WATER : ,
SWLOD # 2I88.04

DATE SUBMITTED: ©04-17-%90

DATE EXTRACTED: 04-27-90

DATE ANALYZED: 03-02-90

METHOD REFERENCE: SWB44-8150, EFA METHODOLOGY

PROJECT: 19942 - 00Z; FORD EARTH CITY

SAMFLE ID: MWLO7

DET.
HERBICIDES _ LIMIT RESULTS

4-D 1.9 ND
4,5-TF (SILVEX) 0.2 ND

-I RESULTS REPORTED IN ug/L OR Parts Fer Billion
I

RA/QC SURRODGATE RECOVERY

1 2,4,5~T (10-98) 8%%

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS

WLLFOIA4312 - 015 - 0172883
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SOUTHWEST LABORATORY OF OKLAHOMA,

1N,

1700 W. Albany « Suite "C" « Broken Amrow, Oklahoma 74012 « 918-251-2858

DAMES & MOORE

REPORT: 2388.04P

11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146

ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER

SWLO ¥ 2388.04

DATE: 05-07-90

DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-02-90

METHOD REFERENCE:
SAMPLE ID: nMWio?7

5W8446-8080, EPA METHODOLOGY

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S

ALPHA=-EHC
BETA-BHC

DELTA-BHC
GAMMA~EHC (LINDANE)
HEPTACHLOR '
ALDRIN |
HEPTACHLOR EFOXIDE
ENDOSULFAN I
DIELDRIN

4,4-DDE

ENDRIN

ENDOSULFAN II
4,4-DDD

ENDOSULFAN SULFATE
4,4-DDT
METHOXYCHLOR
ENDRIN KETONE
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLOR-1016
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR-1260

DETECTION LINIT RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

- = e
AN

(4 L8}

4 ®» & ®» & & ® 8 & =8 » » & 5 s =8 = s = >
COUMUUUUOUU UK 22 O0O0O00000CO0

N oN-NeoNoNoN o WeNoNeNoNeNeRolleNeoNolNeoNeolNolNoNeoNelNeoNeNe]

8A/8C SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (Z24-154) 68%

o Z

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE:
ANALYTE DETECTED IN BLANK AS WELL AS SAMFLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS

CONCENTRATION BELOW LIMIT OF QUANTITATION

WLLFOIA4312 - 015 - 0172884
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany Suite "C” . Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES & MOORE

11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 43144

ATTN: DAVID PURINGTON

SAMPLE MATRIX:
SWLO # 2388.04
DATE SUBMITTED:
DATE ANALYZED :
METHOD REFERENCE:
PROJECT:

SAMFLE ID:

WATER

04-17-90
04-18-90

19943 ~ 002;
MW107

REPORT: 2388.04V

DATE: 035~07-90

SW846-8240, EFA METHODOLOGY
FORD EARTH CITY

RESULTS REFDRTED IN ug/L OR Parts Per Rillion (FFB)

VOLATILES

J

: DET.
et ATILES LLIMIT RESULTS
OROMETHANE 10 ND
L Z30MOMETHAME 10 ND
'L CHLORIDE 10 ND
ORCETHANE 10 ND
“METHYLENE CHLORIDE © 5 16
SETONE 10 3
,iBON DISULFIDE b ND
133 ~DICHLOROETHENE 5 ND
«im 1~DICHLOROETHANE 5 ND
lNS-l ,2-DICHLOROETHENE 5 ND
OROFORM -5 ND
'1,2~DICHLORDETHANE 5 ND
UTANONE 10 ND
s 1-TRICHLOROE THANE 5 ND
BGN TETRACHLORIDE 5 ND
YL ACETATE 10 ND
MODICHLOROMETHANE 5 ND

)

UENE~dB(88-110) 96X

ESTIMATED VALUE:

BROMOFLUCROBENZEME (86-119%) 92%

NOT DETECTED ABOVE QUANTITATION LIMIT

CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WElLL AS SAMPLE

SURROGATE RECCOVERY QUTSIDE OF QC LIMITS

1,1,2,2~-TETRACHLOROETHANE
1,2-DICHLOROFROFANE
TRANS-1,3-0ICHLOROFROFENE
TRICHLOROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
€I5-1,3-DICHLOROPROFENE
2-CHLOROETHYLVINYLETHER
BROMOFORM

2-HEXANONE
4-METHYL-2~PENTANONE
TETRACHLOROETHENE

TOLUENE _
CHLOROBENZENE
ETHYLBENZENE

STYRENE

TOTAL XYLENES

DE™.

LINIT RESULTS

ND
WD
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

AL N AU U= = e hongron
[e @] o

1,2-DICHLOROETHANE-d4(76-114) 100%

WLLFOIA4312 - 015 - 0172885



) SOUTHWEST LABORATORY OF OKLAHOMA, 1NC.

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION BELOW L"NI' OF QUANTITATION
ANRIYTE DETZCTED IMN BLANK A3 WELL AS ¢ HFLC

= JREQGATE RECOVERY QUTSIDE OF aC LIMIT

I
I
I

- I 1700 W. Albany « Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858
& MOORE N REFORT: 2388.04F
1Ak BORMAN DRIVE, SUITE 340
="M OUIS, MO 63146 DATE: 05~07-90
:} : DAVID PURINGTON
\is MATRIX: WATER DATE SUBMITTED: 04-17-90
0 ¥ 2388.04 DATE EXTRACTED: 04-26-90
0D REF.: SWB446-8270, EPA METHODOLOGY DATE ANALYZED : 05-01-90
<QMECT: 19943 - 002; FORD EARTH CITY
~tFLE ID: MW107
% DET. RESULTS DET. RESULTS
.eMVOLATILES LIMIT (ug/L)  SEMIVOLATILES LIMIT  (ug/L)
JIOL 10 ND ACENAFHTHENE 10 MD
19 2-CHLORDETHYL )ETHER 10 ND 2,4-DINITROFHENOL 50 ND
~:HLOROFHENOL 10 ND 4-NITROPHENDL 50 ND
DICHLORORENZENE 10 ND DIRENZOFURAN 10 ND
DICHLORORBENZENE 10 ND 2,4-DINITROTOLUENE 10 ND
\SNZYL ALCOHOL 10 ND 2.6-DINITROTOLUENE 10 ND
DICHLORORENZENE 10 ND DIETHYLFHTHALATE 10 ND
=R THYLFHENOL 10 ND 4-CHLOROFPHENYL-PHENYLETHER 10 ND
119X 2-CHLOROISOFROFYL)ETHER 10 ND FLUORENE 10 ND
JETHYLFHENOL 10 ND 4-NITROANILINE 50 ND
TROSO-DI-n~-FROFYLAMINE 10 ND 4,6-DINITRO 2-METHYLFHENOL S0 ND
CHLOROETHANE 10 ND N-NITROSODIFHEMYLAMINE (1) 10 ND
TROLENZENE 10 ND 4-BROMOFHENYL-FHENYLETHER 10 ND
"HOROME 10 ND HEXACHLOROEENZENE 10 ND
T TROFHENGL 10 ND PENTACHLOROFHENOL 10 ND
1 3-DIMETHYLFHENOL 10 ND PHENANTHRENE 10 ND
SZ0IC ACID 50 ND ANTHRACENE 10 ND
(2-CHLOROETHOXY)METHANE 10 ND DI-N-BUTYLFHTHALATE 10 ND
-DICHLDROFHENDL ’ 10 ND FLUORANTHENE 10 ND
12, 4-TRICHLOROBENZENE 10 ND FYRENE 10 ND
HTHALENE 10 ND BUTYLBENZYLFHTHALATE 10 ND
aSHLOROANILINE 10 ND 3.3-DICHLOROBENZIDINE 2 ND
AaXACHLOROBUTADIENE 10 ND BENZO(A)ANTHRACENE 10 ND
HLORO-3-METHYLFHENOL @ 10 ND BIS(D~ETHYLHEXYL)FHTHALATE 10 ND
JMETHYLNAPHTHALENE 10 ND CHRYSENE 10 ND
HEXACHLOROCYCLOFENTADIENE 10 ND DI-N-OCTYL PHTHALATE 10 ND
+4-TRICHLOROPHENOL 10 ND BENZO(B)FLUORANTHENE 10 ND
» 5-TRICHLOROPHENOL 50 ND BENZO( K) FLUDRANTHENE 10 ND
HLORONAPHTHALENE 10 ND BENZO(A)PYRENE 10 ND
- NITROANIL INE 50 ND INDENO(1,2,3-CD)PYRENE 10 ND
ETHYLPHTHALATE 10 ND DIBENZ(A.H)ANTHRACENE 10 ND
NAFHTHYLENE .10 ND BENZO(G H,I)PERYLENE 1¢ ND
.iNITROANILINE 50 ND
8A/QC _SURROGATE RECOVERIES
ROBENZENE-d5(35-114) 82% 2-FLUORORIFHENYL(43-1164) 433 TERFHENYL-d14 (33-141)
NOL - 3 (10-94)  $9% 2-FLUOROPHENOL (21-100) -29% 2.4,6-TRIBROMOFHENOL(10-123)
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.IIT: DAMES & MOORE REFORT: 2388.05V
= 11701 BORMAN DRIVE, SUITE 340 :
ST. LOUIS, MO 63146 DATE: 05-07-90

l ATTN: DAVID PURINGTCN

] SAMFLE MATRIX: WATER
SWLO # 2388.035 !
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SWB846-8240, EPA METHODOLOGY
PROJECT: 19943 - 0023 FORD EARTH CITY
SAMFLE ID: TR-1

[ — |
--

RESULTS REFORTED IN ug/L OR Parts Fer Billion (FPB)

DET. DET.

2L LINIT RESULTS VOLATILES LIMIT RESULTS
7& OMETHAKME 10 ND 1.1.2,2-TETRACHLOROETHANE 3 ND
METHANE 10 ND 1,2-DICHLOROFROPANE S ND
YL CHLORIDE 19 ND TRANS-1,3-DICHLOROFROFENE 3 ND
ROETHANE 1¢ ND TRICHLOROETHENE 3 ND
=JYLENE CHLORIDE 3 2 J DIBROMOCHLOROMETHANE 3 ND
~_TONE 10 ND 1,1,2-TRICHLORQETHANE S ND
LBON DISULFIDE S ND BENZENE 3 ND
DICHLOROETHENE 3 ND CI5-1,3-DICHLOROFROFENE 3 ND
= T'DICHLOROETHANE 5 ND 2=CHLOROETHYLVINYLETHER 10 ND
S-1,2-DICHLOROETHENE 3 ND BROMOFORN S ND
viROFOR 3 6 B 2-HEXANONE 10 ND
DICHLOROETHANE 3 ND 4-METHYL-2-PENTANGNE 10 ND
UTANONE 10 ND TETRACHLOROETHENE 3 ND
1-TRICHLOROETHANE 5 ND TOLUENE S ND
ARRON TETRACHLORIDE 3 ND CHLORORENZENE 3 ND
INYL ACETATE - 10 ND ETHYLEENZENE 3 ND
DDICHLOROMETHANE ©3 ND STYRENE 3 ND
TOTAL XYLENES S ND

gA/8C_SURROGATE RECOVERIES

’-_h—'.i.g

= UENE-dB(88-110) 97% BROMOFLUOROBENZENE(B6-113) 93% 1,2-DICHLOROETHANE-d4(76-114) 102%

Kt
;i- NOT DETECTED AROVE QUANTITATION LIMIT

= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
.I: ANALYTE DETECTED IN BLANK AS WELL AS SANMFLE

SURROGATE RECOVERY DUTSIDE OF GC LIMITS

WLLFOIA4312 - 015 - 0172887



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

min— e e -

DAMES & MOORE
11701 Borman Drive

St. Louis. Missouri 83149

ANALYTICAL REPORT

G2705

REPORT DATE: 05/03/90

SWLO IDENTIFICATION
SAMPLE NO.: 2388.01 - 2388.05
DATE RECEIVED: 04/17/90
1 QA/QC
DESCRIPTION PARAMETER RESULTS
METHOD BLANK 04/25/90 ANTIMONY <30 ug/L
~ METHOD BLANK 04/25/S0 BERYLLIUM <5 ug/L
METHOD BLANK 04/25/80 CADMIUM <5 ug/L
METHOD BLANK 04/25/90 CHROMIUM <5 ug/L
METHOD BLANK 04/25/8C COPPER <10 ug/L
METHOD BLANK 04/25/80C NICKEL <10 ug/L
METHOD BLANK 04/25/90 SILVER <10 ug/L
METHOD BLANK 04/25/S0 ZINC <10 ug/L
_IBLANK SPIKE 04/25/90 ANTIMONY 102% RECOVERY
BLANK SPIKE 04/25/90 BERYLLIUM 100% RECOVERY
BLANK SPIKE 04/25/90 CADMIUM 115% RECOVERY
BLANK SPIKE 04/25/90 CHROMIUM 98% RECOVERY
BLANK SPIKE 04/25/90 COPPER 104% RECOVERY
BLANK SPIKE 04/25/90 NICKEL 99% RECOVERY
“WBLANK SPIKE 04/25/90 SILVER 86% RECOVERY
_‘BLANK SPIKE 04/25/30 ZINC 110% RECOVERY
= MATRIX SPIKE MW105 ANTIMONY 102% RECOVERY
TIX SPIKE MW105 BERYLLIUM 100% RECOVERY
TRIX SPIKE MW105 CADMIUM 115% RECOVERY
. MATRIX SPIKE MW105 CHROMIUM 98% RECOVERY
ATRIX SPIKE MW105 COPPER 107% RECOVERY
MATRIX SPIKE MW1i05 NICKEL 99% RECOVERY
TRIX SPIKE MW105 . SILVER 86% RECOVERY
—MATRIX SPIKE MW105" ZINC 110% RECOVERY
IDUPLICATE MW101 ANTIMONY 0% RPD
-~ DUPLICATE MW101 BERYLLIUM 0% RPD
JCUPLICATE MW101 CADMIUM . 0% RPD
UPLICATE MW101 CHROMIUM 0% RPD
DUPLICATE MW101 COPPER 17% RPD
‘wPUPLICATE MW101 NICKEL 0% RPD
UPLICATE MW101 SILVER 0% RPD
UPLCATE MW101 ZINC : 24% RPD

WLLFOIA4312 - 015 - 0172888



SOUTHWEST LABORATORY OF OKLAHOMA,

INC.

1700 W. Albany Suite "C" « Broken Arrow, Oklahoma 74012 « 918-251-2858

ANALYTICAL REPORT

b lna'

| DAMES & MOORE REPORT: G2705.2
-=2n11701 Borman Drive
t. Louis. Missouri 63149
' ' REPORT DATE: 05/03/90
:'swno IDENTIFICATION
AMPLE NO.: 2388.01 - 2388.05
ATE RECEIVED: 04/17/90
] QA/qC
: PARAMETER SULTS
_l:mop BLANK 04/30/90 ARSENIC <10 ug/L
" METHOD BLANK 05/01/90 LEAD 3 ug/L
THOD BLANK 05/02/90 SELENIUM <5 ug/L
THOD BLANK 05/01/90 THALLIUM <10 ug/L
~| METHOD BLANK 04/27/80 TOTAL CYANIDE <.01 mg/L
"PBLANK SPIKE 04/30/90 ARSENIC 101%  RECOVERY
. BBLANK SPIKE 04/30/90 ARSENIC 81% RECOVERY
| BLANK SPIKE 05/01/90 LEAD 99% RECOVERY
- 4¥BLANK SPIKE 05/01/90 LEAD 98% RECOVERY
BLANK SPIKE 05/02/90 SELENIUM 98% RECOVERY
‘= BLANK SPIKE 05/02/90 SELENIUM 88% RECOVERY
 _BLANK SPIKE 05/01/90 THALLIUM 98% RECOVERY
BLANK SPIKE 05/01/90 THALLIUM 95% RECOVERY
{ MATRIX SPIKE MW101 . ARSENIC 96% RECOVERY
MARTIX SPIKE MW107 LEAD 64% RECOVERY
BMATRIX SPIKE MW107 SELENIUM 70% RECOVERY
MATRIX SPIKE MW107 THALLIUM | 110%  RECOVERY
MATRIX SPIKE MW101 TOTAL CYANIDE 104%  RECOVERY
\— DUPLICATE  MW101 ARSENIC 0% RPD
DUPLICATE  MW106 LEAD 0% RPD
‘MDUPLICATE  MW101 SELENIUM 0% RPD
MDUPLICATE ~ MW106 THALLIUM 0% RED
DUPLICATE  MW101 TOTAL CYANIDE 0% RED

. mmm e s | main

WLLFOIA4312 - 015 - 0172889



'SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. AIbany o Suite "C” « Broken Arrow, Oklahoma 74012 « 918-251-2858

IENT: DAMES & MOORE REPORT: 327035.3
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90

ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # METHOD BLANK
DATE EXTRACTED: ©04-27-90

DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-8150, EFA METHODOLOGY
FROJECT: 19943 - 0023 FORD EARTH CITY

SAMPLE ID: METHOD BLANK

RESULTS REFORTED IN ug/L OR Parts Fer Billion

- DET.

; HERBICIDES LIMIT : RESULTS
2,4-D 1.0 ND

H 2,4,5-TF (SILVEX) 0.2 ND

re

>

-

-

r

"2,4,5-T (10-98) 81.7%

-

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION EBELOW LIMIT OF QUANTITATIDN
ANALYTE DETECTED IN BLANK AS WELL AS SAMFLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

-
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WLLFOIA4312 - 015 - 0172890
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-